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The  object  of  this  work  was  to  find  out  the  different 

species  of  bacteria  present  in  sewage  water,  the  approximate  nura- 
bers  of  each,  and  as  far  as  possible,  the  character  of   the  special 
activities  of  each  kind  in  the  destruction  of  organic  matter. 

For  this  purpose  the  waters  for  analysis,  both  bacter- 
iological and  chemical     ave  been  collected  from  the  septic  tank, 
north-east  of  Urbana,   Illinois.       This  receives  the  sewage  of  about 
3500  inhabitants  of  Champaign,  a  city  in  Champaign  County,  Illinois, 
having  a  population  of  9700.       A  general  separation  of  the  different 
micro-organisms  was  made  by  plate  cultures  and  these  were  identified 
as  far  as  possible,  and  among  them  were  marked  out  the  most 
apparent  sewage  bacteria.      The  gases  produced  by  the  individuals 
of  a  given  species  in  glucose  broth  were  analyzed  and  the  changes 
chemically  produced  v/hen  grown  in  sterile  sewage  were  determined. 

It  is  needless  to  sa'  ,   that  bacteria  are  found  in  sewage 

waters  where  a  large  quantity  of  organic  matter  is  present. 
They  occur  in  immense  quantities,  as  is  shown  in  table  I.;  as 
Imany  as  sixteen  million  per  cubic  centimeter  have  been  found  in  one 
case.       The  numbers  are  large  and  there  is  an  extensive  represen- 
tation of  species  including  aSrobic  and  facultative  anaerobic  kinds. 
Untioubtably  the  list  as  made  out  does  not  include  all  the  different 
species  present,  but  probably  the  most  prominent  ones  are  rep- 
resented as  each  of  them  seemed  to  have  occurred  more  than  once  in 
the  cultures. 
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When  sewage  ,   as  it  frequently  does,   gets  access  to 
drinking  waters,   through  leakage,   or  other  imperfect  methods  of 
towage  drainage,   it  pollutes  the  water  and  may  contaminate  it  with 
disease  germs,  when  such  are  present  in  the  sewage.       This  is  the 
history  of  typhoid  fever  as  recorded  "by  numerous  investigators. 
Pathogenic  species  are  not  norma'1   inhabitants  of  such  waters,  they 
have  to  struggle  for  survival.      The  keenness  of  competition  among 
the  dense  crowds  of  saphrophytes  makes  their  continued  existence 
almost  impossible . 

Sewage  as  it  occurs  in  practice  contains  a  large  quan- 
tity of  matter  other  than  that  productive  of  disease  and  it  is  just 
upon  this  comparatively  harmless,,  but  constantly  present  material 
that  the  chemr'sts  rely  for  the  indications  upon  which  they  base 
their     opinions  of  potable  waters.      They  are  unable  to  say  whether 
or  not  a  sewage -laden  water  is  disease -bearing  on  any  particular 
date.       ^0  them,   all  sewage  is  alike,  but  they  condemn  the  water 

for   IJhe  reason,  that  although  it  may  be  harmless  to-day  it  is 
impossible  to  predict  what  may  be   its  conditions  to-morrow. 
The  discovery      of  disease  germs  in  water  is  only  possible  after 
the  water  has  become  infected  and  it  remains  for   trie  bacteriologists 
to  ma?cB  this  decision. 

The  distribution  of  bacteria  is  very  wide. 
They  occur  in  the  air,   in  waste  produce,   in  the  alimentary  canal, 
and  in  almost  every  conceivable  place,   from  which  they  can  readily 
be  brought  into  the  sewer. 

Both  the  chemical  and  bacteriological  quality  of  the  sew- 
age depends  upon  the  size  of  the  community,  trade-waste,  the  amount 
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of  rainfall,   and  other  physical  conditions.      T]  us  sewers  carry 
water  fouled  with  organic  wastes  from  the  human  system,  from  varioa  s 
cleansing  processes  common  to  all  households  and  manufacturing 
wastes.     Decomposable  organic  matter  affords  an  almost  ideal 
nidus,  for  micro-organisms  in  which  the  only  hinderance  to  their 
unlimited  multiplication  is  the  presence  of  their  own  large  numbers. 
This  makes  the  struggle  for  existence  except  '.onally  keen.  Sewers 
also  carr'2r  a  large  number  of  these  minute  forms  of  life  which  are 
obtained  from  the  soil  and  which  hav«   been  brought  in  by  the  water 
from  the  surface  after  a  rain. 

Food  for  bacteria  in  order  to  be  available  must  be  in 
solution,   for  it  must  pass  through  the  cell  wall  by  osmosis. 
They  do  sometimes  live  on  solid  material,  but  in  such  cases  they 
are  able  to  produce  enough  chemical  change  to  bring  the  material 
into  solution  to  support  themselves.       ^heir  food  must  contain 
nitrogen,   carbon,   oxygen,  hydrogen  and  small  quantities  of  min- 
eral matter.      The  carbon  and  nitrogen  are  made  use  of  when  in  the 
organic  rather  than  when  in  the  inorganic  conditions.      In  sewage 
these  essential  elements  are  present  in  large  quantities,   so  that 
there  is  sufficient  food  for  these  organisms.      There  is  constantly 
a  new  supply  of  food  brought  along  which  takes  the  place  of  that 
which  is  consumed. 

The  life  of  sewage  bacteria  depend  s  on  the  decomposit ion 
of  corrplex  compounds  into  simpler  ones  accompanied  by  the  liberation 
of  energy  to  be  used  in  various  ways.        Kicro-organisms  when  sur- 
rounded by  the  conditions  favorable  to  their  growth,   -  a  proper 
food  supply,  moisture,   favorable  atmospheric  conditions,  and  tern- 


perature,   -  develops  very  rapidly  for  a  time.       After  a  certain 

period  the  rate  of  development  diminishes  until  it  finally  ceases 
entirely,   although  there  may  be  a  large  supply  of  food  material  still 
unused  and  the  general  conditions  are  not  changed.       In  acetic  fer- 
mentation there  comes  a  time  when  an  excess  of  acid  inhibits  the 
farther  growth  of  the  organism.      This  is  when  the  acetic  acid  has 
approximately  reached  a  percentage  of  14.      Most  food-stuffs  are 
insoluble  in  water  and  therefore  can  not  be  absorbed  by  living  org.  n- 
isms  except  as  made  soluble  by  the  agents  called  enzymes,  which  have 
the  power  of  dissolving  or  digesting  these  materials.      This  action 
is  a  very  weak  decomposition.        The  enzymes  are  unorganized  fer- 
ments.      Organized  ferments  are     living  organisms  and  the  fermen- 
tation which  they- cause  is  more  profound  than  that  caused  by  en- 
zymes.      Some  species  ferment  one  food-stuff,   some  another,    some  in 
acid,  others  in  alkaline  media.        As  living  organisms  V  eir  work 
of  fe  men  tat  ion  is  equivalent  to  the  entire  action      of  an  animal 
and  their  products  are  equivalent  to  the  waste  of  animal  life. 

The  three  principal  activities  of  organized  ferments  ais 
(1).  fermentation  of  carbonaceous  material,   such  as  changing 
sugars  into  alcohol  and  carbonic  acid,   alcohol  into  acetic  acid, 
milk  sugar  into  lactic  acid,  etc.;     (2).  putrefaction'  of  dead  ani- 
mal or  vegetable  matter  under  favorable  conditions,  when  attacked  by 
gems  which  dissolve  and  decompose  it,  often  producing  bad  odors j 
(3).  pat  ho, genie  ferment  a  tions  in  which  the  disease  gems  produce  a 
toxin. 

The  process  through  which  bodies  are  split  up  by  bacteria 
depends  upon  the  chemical  nature  of  the  bodies  involved  and  on  the 


varieties  of  "bacteria.        The  destruction  of  albuminous  L  dies 
which  is  common  in  putrefaction  can  he  done  by  whole  groups  of  dif- 
ferent varieties,   and  the  action  is  analogous  to  what  takes  place 
when  albuminous  bodies  are  subjected  to  ordinary  intestinal  di- 
gestion, with  the  production  of  peptones.     During  their  growth  there 
is  not  unf requently  an  abundant  production  of  gases.      Many  of  the 
results  of  bacterial  action  depend  upon  the  production  by  then 
of  unorganized  ferments  of  a  very  varied  nature  and  complicated 
action.         Such  ferments  as  invert  sugars,   coagulate  casein,  split 
up  urea  into  ammonia  carbonate ( TTTI4 ) 2Q5O3  have  all  been  isolated 
from  the  products  of  different  bacteria.      Some  may  tie  diffused 
into  the  surrounding  fluid  and  others  be  retained  in  the  cells 
where  they  are  formed. 

Organic  matter  in  solution  seldom  oxidizes  directly 
into  its  final  products,  but  passes  through  intermediate  conditions  ; 
the  more  complex  organic  forms  are  resolved  into  others  of  simpler 
structure  and  these  a£e  subsequently  burnt  up  to  the  stable  oxidized 
compounds,  water  and  carbon-dioxide.       These  phenomena  have  been 
desiginated  by  the  name  bacteriolysis.      When  the  action  is  affected 
by  chemical  agents,   the  term  hydrolysis  has  been  used.  Other 
cases  in  vte.  ich  the  decomposition  takes  place  without  any  absorption 
of  water,  may  be  grouped  under  the  general  term  fermentation. 
The  organic  matter  in  some  cases  is  partially  converted  into  ox- 
idized compounds,   in  which  the  oxygen  is  not  derived  from  the  air 
but  from  that  originally  present  in  the  organic  matter  or  water 
taking  part  in  the  reaction.      The  resulting  products  depend  upon 
the  kinds  of  bacteria  at  work. 
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From  sewage  there  is  an  evolution  of  gases  commonly  called  sewer 
gas*     But  there  is  no  specific  and  definite  sewer  gas  for  which  a 
chemical  formula  of  combinations  of  symbols  can  he  laid  down. 
Dr.  Billings  says  "The  air  of  an  ordinary  modern,   fairly  well 
constructed  and  ventilated  sewer,   appears  to  differ  from  the  street 
air  chiefly  in  having  a  higher  proportion  of  Carbon  dioxide". 
He  also  says  that  "Specific  pathogenic  micro-organisms  have  not  been 
found  in  air  of  sewers". 

Of  the  gases  found  in  sewer  tanks  the  carbon  dioxide  and 
ammonia  is  easily  dissolved  in  water,  while  the  hyrodgen  from  its 
dif fusibility  escapes  from  the  tanks  more  rapidly  than  do  the  heav- 
ier gases. 

Ahot her  important  change  necessary  for  complete  destruc- 
tion of  the  organic  matter  involves  the  presence  of  oxygen,  either 
from  the  air  or  from  the  oxidized  compound  s.     Anaerobic  fermen- 
tations are  called  by  the  Germans  true  putrefactions,   f aulmiss, 
while  aSrobic  fermentations  are  termed  mouldering,  vervvesung. 
In  these  tanks  where  the  oxtdizing  agents  are  eliminated  and  only 
the  putrefactive  ones  live  and  work,   the  carbonaceous  matter 
is  more  quickly  attacked  by  them  with  the  evolution  of  carbonic 
acid  gas  and  marsh  gas.      The  theory  of  the  septic  tanks  is  that  the 
bacteria  living  in  it  are  those  which  can  thrive  without  the  presence 
of  air  and  hence,   can  cause  putrefaction.  Those  that  do  the 

largest  proportion  of  th«  work  live  on  the  sides,  bottom  and  top 
of  the  tank  where  the  organic  matter  collects. 

he  process  supposed  to  take  place  in  septic  tanks 
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holding  sewer  water,   as  described  by  Ridiral    Rideal    Sewage  °  74 
is  as  follows*  "  wiien  the  fccul  and  other  Bolid  matters  ane  discharged 
the  earlier  stages  must  "be  afirobic  because  of  the  free  oxygen  dis- 
solved in  the  water  and  that  contained  in  the  air.      The  organisms 
acting  in  a  normal  Banner  upon  these  simpler  constituents  like 
ammonia,  which  must  obviously  exist  in  small  quantities  and  into 
which  the  process  itself  afterwards  dissolves  the  main  ingredients 
of  the  sewage.        Nitrates  in  small  quantities  are  consequently 
often  observed  in  discharges  which  are  moderately  fresh.  When 
the  free  oxy gen  has  been  exhausted  the  bacteria  which  require  air 
in  part  diaappears  and  in  part  remains  quiescent  to  resume  their 
functions  at  a  later  stage.      The  a&ft rob4.fi- will  now  commence  to 
multiply,-  nitrates  will  be  reduced  to  nitrogen  and  the  liquefac- 
tion and  hydrolytic  changes  will  proceed  and  the  anOerobic  stage 
of  the  t  eatment  proper  commences .     There  should  be  enough,  oxygen 
for  aTrriortia  and  carbonic  aoi<3  formed  with  the  help  of  sone  ar.aerobic 
forms  and  with  more  oxygen  jet  rid  of  the  remaining  products". 
A  large  number  of  these  changes  most  of  them  hydrolytic  are  ac- 
complished by  enzymes,  which  are  powerful  resolving  agents. 

hen  there  is  a  constant  renewal  of  the  material  in  the  tanks,  it 
seems  that  these  actions  all  have  to  take  pla^.e  at  the   same  time 

ust  what  siecies  take  part  in  the  first  step  and  which  in  the  next 
is  a  difficult  problem  It  is  very  probable,  however,  , 

that  the  facultative  anile  r  obi  ft  gas  producers  are  the  most  character- 
istic of  the  sewer  bacteria. 
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9$.    What  is  to  be  done  with  such  a  large  amount  of  fouled  water? 
Either  it  must  he  (1)  turned  into  a  body  of  water  so  large  as  to 
dilute  it  beyond  all  possibilities  of  offence  and  v/here  it  cannot 
endanger  human  life  by  polluting  a  public  water  supply,  or, 
(2)  it  must  in  some  manner  be  pruified.        In  places  v/here  such  a 
volume  of  water  is  not  accessible  the  latter  must  be  followed. 

Sewage  purifaction  of  to-day  is  as  yet  in  an  experimental 
stage.      We  know  to  a  certainty  how  sewage  may  be  rendered  harmless. 
Further  knowledge  will  probably  be  in  the  line  of  making  present 
processes  do  more  work  without  additional  cost.     Ordinary  sewage 
stronger  eten  than  usual  would  contan  as  much  as  998  parts  of 
pure  water  per  1000  c.c.      It  is  only  the  two  parts  of  &t  a  thousand 
that  causes  the  trouble.       In  nature  organic  matter  and  bacteria 
always  accompany  each  other;       the  removal  of  one7/ieans  that  the 
other  must  in  some  degree  go  likewise,  and  the  harmful  ones  go  with 
the  painless.      With  the  removal  of  all  the  organic  matter  all  the 
bacterial  food  is  gone  and  without  food  death  eomes  swiftly  even 
though  the  bacteria  be  legions.       Several  methods  of  purification 
have  been  experimented  with  and  put  into  actual  use.       The  principles 
of  filtration,  precipitation,   and  sedimentation  are  applied  in  all 
cases.       Filtration  through  several  beda  of  filtering  material 
such  as  sands  and  coke  are  abundantly  used.       It  is  an  easy  but 
slow  process  in  cases  where  there  is  much  sewage  to  be  disposed  of, 
if  the  filter  eds  are  fine  enough  to  remove  a  considerable  portion 
of  organic  matter.      But  v/here  there  is  a  large  amount  of  suspended 
material,   filters  are  easily  clogged  and  the  filtering  process  is 
checked. 
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There  is  a  varying  composition  of  the  sewage  due  to  the  length  of 
time  elapsing  between  the  pa'  sage  of  the  sewage   into  the  sewers 
and  the  tine  of  its  analysis.     From  exper iment s  it  has  been  found  that 
there  is  a  loss  of  carbonaceous  matter  as  shown  by  the  difference  ir_ 
the  determination  of  the  oxygen  consumed  by  fresh  and  stale  sewage. 
When  paased  through  a  series  of  filters  it  has  been  shown  that  there 
is  in  the  effluent  one  part  more  of  free  ammonia  and  a  half  part  less 
of  albuminoid  ammonia  than  the  sewage  contained  before  filtrations. 
Stale  sewage  contains  not  much  mo  re  than    half  as  much  organic  matter 
as  the  fresh.       In  the  report  of  the  Massachusetts  State  Board  of 
Health  for  1897  there  are  records  of  experiments  carried  on  regarding 
the  act  ion  "of  coli -communis  The  river  water  contains  this  germ  in 
large  numbers;     tMs  water  is  filtered  and  stored  in  reservoirs. 
Pour  hundred  samples  were  collected  at  the  station  just  as  the 
water  is  pumped  from  the  filter  to  the  reservoir,  and  in  only  six 
cases  was  the  presence  of  Bacillus  coli-communis  detected. 
Settling  t amies  are  used  to   a  large  extent,   in  which  the  sewage  is 
collected  until  the  tank  is  filled.       It  is  then  allowed  to  remain 
undieturbe  d  for  a  period  of  two  hours  and  possibly  more,  depending 
upon  the  length  of  time  required  to  draw  off  the  supernatant  liquid. 
The  efficiency  of  these  tan':  s    in  removing  the  sludge  from  the 
sewage,   and  preventing  trouble  where  it  is  led,   depends  upon  the  fre- 
quency of  its  removal,  th<      care  exercised  to  avoid  drawing  off  any 
sludge  with  the  supernatant  liquid. 

Purification  of  sewage  by  irrigation  is  another  form  of 
filtration.  The  sewage  is  led  on  a  piece  of  land  and  afterpassing 
through  a  certain  depth  of  soilft  the  effluent  is  drained  into  a 


running  stream.     Other  f  ilt  ering  media  besides  soils  and  sands, 
so  co  rim  fin  ly  employed  for  the  purpose  are  iron,   sponge,  "brick-dust, 
coke,   powdered  glass,  and  many  others.      They  are  all  used  in  a 
very  fine  state  of  division;     but  usually  are  employed  for  domestic 
purposes  only. 

By  precipitation  it  is  quite  impossible  to  obtain  effluents 
which  favorably  compare  in  organic  purity  with  these  obtained  by  in- 
termittent filterations  through  sands,  but  the  processes  are  often 
useful  in  practical  work.      ^here  are  three  different  kinds  of  pre- 
cipitation:  (1)   in  which  the  predpitatit  is  ir     a  solid 
and  insoluble  form,   such  as  sand,   clay,    (2)  in  which  the  precip- 
itatnt  is  soluble  and  more  or  lees  chemical  active,  but  which  upon 
entering  into  reaction  with  the  constituents  of  the  water  is  con- 
verted into  an  insoluble  form.       In  this  case  there  is  a  little 
or  no  bactericidal  effect.         The  materials  used  are  such  as  lime, 
causing  tempS*ary  hardness,   and  alum  when  used  in  small  quantities 
(3)  When  the  precipitant  is  soluble ,  chemically  active  and  produces  a 
bactericidal  effect  in  addition  to  the  mechanical  one.      The  latter 
is  used  exclusively  for  sewage,  and  the  chemicals  are  lime,  ferric 
oxiof ,  alum,  ano  a  "few  others.       It  has  oecn  found  by  experiments 
of  the .  Massachusetts  State  3oard  of  Health,   1689-90,   that  the 
results  of  treatment  of  sewage  with  equal  money-values  of  the  three 
substances  n  ned  are  practically  alike  and  that  each  produce  a  re- 
duction of  about  93  f  of  the  number  of  organisms. 

The  septic  tank  is  one  of  recent  inventions  for  sewage  pur- 
ification. A  more  extended  description  of  this  is  given  below. 
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The  ph&J^&J-FP_  Sept i  c  Tank^ 

The  following  is  taken  fran  the  article  by  Prof.  Talhot 
appearing  i»  the  Engineering  Hews.      Aug.  17,  1899. 

The  sewage  system  of  Hiampai  gn  includes  24  miles  of  san- 
itary sewers,  amounting  to,   considering  all  the  conditions,  prob- 
ably that  of  a  town  of  3500,  with  all  houses  connected  with  the  sewer. 
The  mount  of  water  consumed  cannot  he  used  as  a  basis  of  estimate 
of  sewage  flow,   since  the  water  company  supplies  Urhana  as  well. 
During  dry  weather  gaugings  of  the  outlet  sewer  show  a  flo  w  of 
300,000  gallons  per  24  hours,  while  at  times  when  considerable 
ground  water  reaches  the  sewer  the  flow  frequently  reaches  several 
times  the  above  amount.      The outlet  sewer  extends  for  two  miles 
through  the  city  of  Urbana,  and  by  reason  of  the  distance  and  the 
flat  garde  over  three  hours  is  required  for  t  he  sewage  from  the  main 
part  of  chamoaign  to  reach  the  Tank.        The  effluent  is  discharged 
into  Salt  Pork  Creek. 

The  sept ic  tank  is  about  3^  feet  long,   16  feet  wide,   and  a 
a  depth  of  5  feet  of  water  giving  a  capacity  of  22,000  gallons  . 
The  tank  is  enclosed  in  a  brick  building  having  a  shi  ngle  roof. 
Wooden  doors  and  windows  and  allow  access  and  light  for  inspection 
and  cleaning.        A  longitudinal  wall  divides  the  tank  into  two.  com- 
partments.     While  usually  both  are  in  operation,   one  may  be  kept  in 
use  while  the  other  is  being  cleaned.      The  flow  is  divided  at  the 
valve  chamber,   and  the  enlarged  mouth  of  the  tank  serves  to  distribute 
the  flow  over  its  full  width,   and  over  a  considerable  depth.  Baffle 
boards  on  -t^rps  are  placed  across  the  tank  reaching  down  to  a  depth 
of  2  -  3  feet  below  the  surface..       These  serve  to  retain  floating 


matter  and  to  prevent  surface  currents.      The  middle  one  is  of  con- 
crete,  and  serves  also  to  stiffen  tht  walls  and  support  the  pump. 
On  the  end  wall  at  the  lower  end  of  the  tank,   a  C  x  6  inch  angle 
is  placed  with  its  upper  edge  level  forming  a  weir  over  which  the 
effluenct  flows  into  the  outlet  channel.        The  weir  takes  the  water 
uniformly  from  the  width  of  the  tank,   and  the  depth  of  flow  does  not 
vary  more  than  one  inch,  thus  keeping  the  tank  in  a  nearly  constant 
condition  of  flow.      The  sludge  is  removed  by  a  5  H.P.   steam  engine. 

Gas  is  given  off  from  the  tank  in  consi derable  quantities 
and  when  the  sludge  is  stirred  its  evolution  is  quite  noticeable. 
Where  a  lighted  match  is  aj^plied,   a  hot  flame  rises  to  a  height  of 
3  feet.       The  analysis  of  this  gas,  made  by  Dr.  A.  W.  Palmer  is 
give  n  later. 

Under  the  principles  of  darkness  ill-ventilation  and  mod- 
erate heat  the  anaerobic  and  facultative  anaerobic  bacteria  de- 
velop and  produce  a  chemical  decomposition  of  the  retained  matter 
(organic)  of  the  sewage,  a  reduction  of  its  compounds«into  parts; 
a  part  passing  off  in  the  form  of  gases,   a  part  as  inorganic  matter 
with  the  effluent,   and  part  remains  as  sludge  in.  the  tank.  The 
process  is  continuous  and  self -regulating  and  with  the  exception  of 
the  removal  of  the  sludge  ho  labor  or  attendance  is-  required.  The 
elfluent  leaving  the  tank  is  clear  and  nearly  all  of  the  putrescible 
organic  matter  is  removed. 

It  is  well  understood  that  by  a  mere  examination  of  the 

characters  of  plate  growths,   a  species  cannot  be  identified.  Among 

a  hundred  colonies  on  a  plate  there  may  be  little  or  no  difference  in 
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in  their  appearance,  but  cultures  from  the  different  ones  may  give 

yery  distinct  reactions.       In  order  to  make  distinctions  between 
them,   growths  on  as  many  as  twelve  different  media  are  made  with  the 
chara cteristics  as  to  their  behavior  in  each  obs  rved. 

A  list  of  the  media  used  in  this  work,   together  with  the 
Composition  of  each  "will  aid  in  c  empire  he  nd  in  g  the  descriptions. 
In  all  cases  the  Leibig's  beef  extract  v:as  used  instead  of  meat  and 
the  different  media  were  made  10  cubic  centimeters  of  normal  acid  per 
litre  from  the  neutral  i^oint,   with  phenolpthalin  as  a"^  indicator. 

(1)  Bouillon :- 

Beef  extract   5.0  grams. 

Peptone   —  10    grams  . 

Distilled  water  1000  c.e\ 

(2)  Agar  agar:- 

Beef  extract   —  5  grams 

Peptone  10  grams. 

Distilled  water  1000  c.c. 

Boiled  and  filtered. 

Agar   15  grams. 

Dissolved  in  500  c.c.  of  distilled  water. 
Added  to  first  and  boiled  to  1  litre. 
Cleared  with  egg,   strained  and  filtered. 

(3)  Glucose  agar : - 

Same  as  (2)  but  after  boiling  add  20  grams  of  glucose. 
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(4)  Gelatin:- 

Extract   5  grams. 

Peptone    10  grams. 

Distilled  water  1000  c.c. 

Boil. 

Gelatin  120  grams. 

Boil  until  dissolved,  clear  with  egg  and  strain. 

(5)  Glucose  gelatin:- 

Same  as  (4)   -  after  "boiling  add  20  gram?    of  glucose. 

(6)  Lactose  litmus  gelatin:- 

Same  as  (4),   then  add  litmus  until  distinct  neutral 
color  is  formed,  and  add  lactose  --20  grams. 

(7)  Carbolized  litmus  "broth:  (Wurtz). 

To  (1)  add  litmus  and  carbolic  acid  1.15  0. 
lactose  —  20  grams. 

(8)  Milk: 

Ord  inary  milk,   skimmed  with  separator. 

(9)  Litmus  milk:- 

Same  as  (8)  with  the  addition  of  litmus. 

(10)  Glucose  "broth:  - 

Same  as  (1)  and 

Add  glucose  --20  grams. 

Fill  in  ferment  at  ion  tubes. 
Sterilize  in  autoclave  without  pressure. 

(11)  Sugar  free  "broth:- 

Same  as  ( 1) . 

Inculate  with  a  culture  that  forms  gas  in  order  to 
14, 


remove  all  the  sugar  present  for  from  14-18  hrs. 
Clear  with  egg« 

(12)  Nitrite  solution 

Peptone  —   1  crams. 

K7T03        2  grams. 

Distilled  wvter(Free  from  ammonia)  1000  c.c. 

( 13 )  Se we  r  gelat i  n : - 

Sewer  water  :  1000  c.  c. 

Gelatin  120  grams. 

Boil. 
Titrate  . 

(14)  Sewer -boui  lion  -gelat  in. 

Sewer  water  —   500  c.o. 

Bouillon   500  c.c. 

Gelatin  120  grams. 

(15)  Potato  :- 

Boil  potato  until  soft,  peal  with  sterile  knife  - 
cut  in  slices  and  sterilize  for  30  minutes  or, 
Cut  while  raw  with  cork  "borer  and  divide  diagonally 
soak  in  water  over  night,   fill  tubes  and  sterilize  for  30  minutes. 

Mt.     The  water  used  for  the  colony  counts  was  collected  in  4  oz. 

ground  glass  stoppered  bottles  and  covered  with  a  piece  of  oil  cloth 

around  the  neck  and  stopper.       These  bottles  were  previously  washed 

and  sterilized  in  hot  air  st  erilizer  at  160  degrees  for  one  hour. 

The  collection  was  made  by  quickly  opening  the  stopper  and  filling 

the  bottle  with  the  water  up  to  an  inch  from  the  neck. 
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Counts  were  made  from  waters  taken  fron  three  different  parts  of 
the  tank.      The  water  designated  "top"  was  taken  fron  the  second 
section  and  from  just  "beneath  the  surface,   this  water  was  usually 
quite  clear,  "but  with  heavy  suspended  particles.       That  designated 
by  "middle"  v/as  the  water  taken  from  the  first  section  at  a  depth  of 
about  two  feet.       This  was  always  "black  with  gas  "bubbles  rising  to 
the  surface  and  giving  off  a  very  bad  odor. 

The  "effluent"  was  taken  from  the   stream  leading  from  the  tank. 
After  the  collections  were  made  and  the  temperature  of  the  water  taken 
the  "bottles  were  closed  tightly  and  immediately  "brought  to  the  labor- 
atory.      Plating  was  "begun  in  every  instance  within  two  hours  after 

the  arrival  of   the  B-ottles.       Since  there  are  as  many  as  a  million 

of 

"bacteria  in  a  cubic  centimeter  this  water,     dilutions  had  to  hp  mads. 
It  v/as  found  "by  experiment  that  a  dilution  of  1  -  10,000  resulted  in 
a  countable  number  of  colonies  on  each  plate.     This  dilution  was 
made  in  flasks  containing  99  cubic  centimeters  of  sterile  water. 
The  flasks  were  filled  with  102  cubic  centimeters  of  distilled  water, 
allowing  3  cubic  centimeters  for  evaporation,   during  sterilization. 
Into  this  flask  v/as  added  exactly  one  cubic  centimeter  of  the  water 
to  be  analyzed.       The  flask  was  well  shaken  and  again  one  cubic  cent- 
imeter of  this  water  transferred  to  a  99  cubic  centimeters  of  sterile 

water  in  another  flask.      After  thorough  shaking  one"c.c.  of  this 

ed 

second  flask  was  t  aken  and  add  to  a  tube  contai  ning  melted  agar; 
with  this  a 'plate  was  made  and  allowed  to  stand  six  days  before 
the  counts  were  made.- 

The  number  per-'  cubic  centimeters  obtained  in  tMsway 
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is  only  an  approximate  number,  as  in  the  process  there  is  a  large 

field  for  errors.     In  the  first  place  "bacteria  exist  in  water  as 

solid  particles  in  suspension  an$  [  it  can  not  "be  assumed  that  there 

is  an  equal  distribut ion . then  there  are  or  are  liable  to  he  errors 

in  measuring  the  quantity  of  sewer  water,   a  single  drop  of  which 

would  make  a  large  difference.    Many  bacteria  will  remain  adhering 

to  the     sides     of  the  glass  and  again  after  pouring  some  remain  behidjl 

with  the  agar.,   smearing  the  tube.      TTot  all  bacteria  develop 

under  conditions  surrounding  them  in  the  media  employed.  Some 

grow  slower  than  others  and  may  be  obscured  by  some  spreading 

colons,  while  others  may  not  thrive  at  all  in  the  medium,  which  is 

the 

employed  etc.       The  number  of  course  vary  with*time  they  are  kept 
before  counting,  but  it  is  supposed  that  in  from  5  to  6  days  all  o  - 
dinary  water-bacteria  would  develop.       There  is  also  a  possible 
error  which  may  arise  from  being  admitted  through  other  sources. 

The  plates  were  kept  at  room  temperature  during  the  time 
of  growth,  a  few  though  were  maintained  at  37  degrees  Centigrade. 
This  latter  temperature  is'  supposed  to  kill  all  ordinary  water-bac- 
teria,  so  these  plates  would  give  the  relative  number  of  sewage 
bacteria.      A  aerobic  cultures  were  also  tried  but  without  great 
success.       Illuminating  gas  was  used  for  displacing  the  &ir  but  this 
was  found  later  to  contain  .6  per  cent  of  oxygen.       In  the  results 
given  of  these  tests  some  aSrobic  species  may  be  included. 
Then  the  gas  was  passed  through  pyro gallic  acid  to  dissolve  out  the 
oxygen  and  a  dish  containing  the  same   substance  was  placed  inside 
the  vessel  to  complete  the  absorption  of  any  remaining  oxygen. 
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In  every  ease  that  this  was  tried  the  plates  were  dried  so  much 
that  no  colonies  appeared.     Another  method  wns  used  by  passing  the 
gas  through  the  acid  before  entering  the  jar  and  using  a  large  basin 
of  water  on  the  inside  to  keep  the  media  moist.     This  gave  some 
fair  results  with  only  a  few  colonies  appearing  on  the  plates. 
When  tliese  plates  were  placed  so  that  oxygen  could  be  admitted  with- 
out any  exposures,  numerous  colonies  appeared,  showing  that  the 
grov/th  of  the  obligatory  aeWtlic  had  been  inhibited  during  that  time. 

It  is  very  difficult  and  in  some  cases  impossible  to  institute 
comparisons  between  samples  of  the  raw  sewage  and  the  effluent, 
since  the  composition  and  the  number  of  bacteria  present  are  contin- 
ually varying  at  different  times  of  the  day.    Even  the  samples 
collected  at  the  same  time  would  not  give  a  conclusive  test,  since 
there  may  be  a  complete  change  in  quality  during  the  time  it  takes 
the  effluent  to  pass  from  the  first  to  the  last  stage. 

Tests  for  Bacillus  coli-communis  were  made  and  in  all  cases 
examined  positive  results  were  obtained.     For  coli  determinations 
some  of  the  water  is  added  to  a  tube  containing  the  Wurtz  broth,  this 
after  one  day  shows  a  red  color  with  gas  bubbles  collecting  on  the 
surface.     Lactose-litimus  gelatin  plates  were  made  from  this. 
After  two  or  three  days  the  coli-colonies  when  present  will  change 
the  plate  red  and  it  can  be  distinguished  from  the  other  colonies 
by  its  peculiar  fan-shaped  appearance.     Subcultures  are  now  made 
from  the  plate  colony  in  milk,  sugar  free  broth,  and  the  fermentat- 
ion tube.     If  present  it  will  coagulate  milk  form  indol  and  produc- 
ed about  35  per  cent,  of  gas  in  the  fermentation  tube. 
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The  following  is  a  table  showing  the.  approximate  number  per 
cubit.:  centimeter  found  in  the  waters  at  different  tines. 

Each  number  is  the  average  °f  ^evoaal  plates. 

Table  3. 

"Top" 

Date        Temp    Serial  No.     B.  Coli-  ASrobic  colonies    AnaSrobic  Thous 

communis  thousands  per  c.c. colonies  ands 

thousands  per 

 per  c.c.  c.C. 


A  n  +■  O 

Oc t •    d . 

~\  A 

10 

+ 

o  r  a 

Of.n 

oc  t  •  d 

1  o 

+ 

/*  rj  a 

~l  A 

14 

+ 

Q  Q  A 

—  —  —      J.  0 

XO 

x 

T 

ODD 

  tCO 

4. 

Ann 

^  AO 

  ou 

OA 

T 

77E 
O  '  O 

Nov.  5 

28 

870 

103 

  13 

15 

30 

+ 

4650 

725 

  20 

15° 

34 

+ 

235 

293 

  27 

14° 

36 

+ 

220 

53 

Dec.  11 

14° 

40 

+ 

205 

80 

Jan .  8 . 

12° 

44 

+ 

138  5 

65 

Jan.  15 

11° 

54 

+ 

250 

47 

  22 

10 

68 

90 

70 

 29 

10 

80 

200 

25 

Feb.  13 

.10° 

98 

360 

20 
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'Table  II. 

"Middle" 

Date  Temp- 

Serial  No. 

B .  Ooli- 

Afirobic  colonies 

Anaerobic 

Thous- 

per- 

comimmis 

thousands  per  c.c 

.colonies 

ands 

ature . 

thousands 

per 

per  c.c. 

c.c. 

Oct.  2. 

 — 

11 





470 

840 

6 

13 

+ 

4103 

9 

15 

+ 

15  50 

430 

 15 

17 

+ 

1550 

 215 

21 

+ 

240 

257 

 30 

25 

+ 

4040 

900 

Nov.   5     -  -  - 

 13  1§ 

31 

+ 

2400 

2040 

i  20  -- 

 24  14 

$7 

+ 

16330 

4120 

Dec.   11  14 

41 

+ 

155 

30 

Jan.  8  12 

46 

+ 

950 

50 

 15  12 

55 

+ 

480 

60 

Jan. 22  12 

71 

1930 

530 

490 

 29  10 

82 

860 

360 

250 

Feb.   13  10 

100 

1480 

0 

Effluent . 

Jan.   29  10 

84 

+ 

30 

3 

10 

Feb.  13  10 

102 

+ 

105 

0 
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There  seems  to  be  no  general  increase  or  decrease  as  regarding  tem- 
perature, nor  are  the  increases  and  decreases  at  regular  intervals. 
From  the  table  it  will  be  seen  that  the  number  from  the  middle 
varies  from  155,000-16,330,000  and  give  a  general  average  of  2,695, 
000  per  cubic  centimeter.     The  number  grown  with  the  incomplete  an- 
aerolic  method,  cutting  off  most  of  the  obligatory  aerobes  range 
from  30,000  to  4,120,000  per  CO.  an  average  of  914,000.  Approxi- 
mately one  fourth  of  the  number  in  the  cases  examined  are  regular 
sewage  bacteria.     In  the  waters  from  the  "top"  the  number  varies 
from  90,000  to  4,650,000  per  cubic  centimeter,  an  average  of  794,000. 
By  the  anaeroiic  method  used  the  number  varied  from  20,000  to  725,000 
an  average  of  206,000.     Of  the  three  cases  tested  for  sewage  bacteria 
there  were  found  two-sevenths  of  the  whole  number  belonging  to  this 
class . 

According  to  the  number  found  in  the  effluent  as  compared  with  the 
"middle"  and  "top"  we  can  conclude  that  only  one  fourth  of  those 
occuring  in  the  "top"  and  one  seventeenth  of  those  in  the "middle" 
remain  in  the  water  leaving  the  tank. 

Owing  to  the  fact  that  bacteria  are  dependent  for  the  most  part  on 
previously  prepared  nourishment,  it  seems  quite  probable  that  those 
obtained  directly  from  water  are  degraded  forms.     For  this  reason 
Fuller  hag  suggested  that  in  order  to  bring  them  to  more  similar 
conditions,  they  be  grown  first  on  beef  broth  for  three  days,  then 
on  gelatin  plate,  from  which  after  three  days  they  may  be  transferr- 
ed to  an  agar  slant,  and  from  this  all  subcultures  should  be  made. 
This  was  carried  out  for  species  I  to  XX  inclusive  and  from  XXXV  to 

XLII  inclusive.     In  order  to  economize  time,  in  species  XXI  to  XXXV 
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the  agar  slants  were  made,  directly  from  the  colonies  on  the  plate, 
and  all  the  subcultures  from  the  slants. 

The  decree  of  reaction  which  is  most  favorable  for  bacterial 
growth  varies  somewhat  with  different  species,  and  with  bacteria  of 
different  degrees  of  vitality  but  of  the?  same  species.     To  this  are 
du<-  the  differences  in  reaction  of  the  same  species  by  different 
experimenters  when  in  the  different  cases  they  are  planted  at  differ- 
ent states  of  vitality.     The  following  is  a  table  which  shows  the 
degree  of  vitality  to  some  extent  of  Bacillus  vulgaris. 
TABLE  III. 

Different  degrees  of  vitality  of  B.  vulgaris. 

Broth  turbid,  nitrates    Indol.  Milk  coag.  Gel.  liq.  Gas. 
reduced. 

A. 


B.  +  +  +  +  -  + 

C .  +  -  +  +je  -*  + 

D.  +  +  o'  +  -*  + 

E.  +  0  0+  - 

p.  +  +  +  + 
After  repeated  transplantations. 

B.  +  +  +  +  .    -  + 

C .  +  +  +  +  -  + 

D .  +  +  +  +  -  + 

E.  +  +  o  +  -  + 

F .  +  +  +  +  -  + 


'o indicates  slight  action, 
x  coagulated  after  boiling. 

*  a  membraneous  growth  around  growth  along  the  path. 
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This  very  common  form,  B .  vulgaris,  occuring  so  abundantly,  forms 
colonics  which  are  not  identical,  yet  there  is  soma  similarity  which 
distinguishes  it.     Six  of  these  colonies,  all  appearing  on  differ- 
ent plates  but  from  water  collected  at  the  same  time,  were  taken, 
subcultures  were  made  and  tests  made  as  is  shown  with  results  in 
the  preceding  table.     As  is  shown  there  occurs  to  be  a  different 
degree  of  vitality  which  after  repeated  transplantations  become  more 
uniform. 

Plates  of  the  above  colonies  were  made  on  plain  gelatin,  sewer 
gelatin  and  broth-sewer  gelatin,  in  which  the  following  results  were 
obtained:  B.G.D.E.  grew  best  in  the  broth-sewer  gelatin  while  F. 
on  the  plain  gelatin;  the  colonies  were  larger  and  seemed  more 
vigorous  than  those  on  the  other  plates.     Subcultures  from  each  of 
three  plates  were  made,  but  no  difference  in  vitality  of  the  three 
taken  from  the  same  original  colony  became  evident. 

No  classification  of  Schizomycetes  has  yet  been  made  that  has 
been  universally  adopted;  the  following  one  as  given  by  Migula  was 
followed  in  this  work. 

X.  Cells  spherical  in  the  free  state,  not  elongated  before  division. 


Ceil  division  in  one,  two  or  three  planes.  Coccaceae. 

A.  Cells  without  cilia  (not  motile). 

a.  Division  in  one  plane  Streptoeibceus . 

b.  Division  in  two  planes  Microccus. 

C.  Division  in  three  planes  Sarciua. 

B.  Cells  with  cilia  (motile) 

a.  Division  in  two  planes  Planoccus. 

b.  Division  in  three  planes  .Planosarcina. 
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II.  Cells  cylindrical  division  in  on*  planes  only  and  elongate  to 
the  double  length  before  division. 

A.  Cells  straight,  rod  forming  without  slant  motile  or  non-motile. 

 Bacterid  eae. 

a.  Cells  not  motile  Bacterium. 

b.  Cells  motile  (cilia). 

1.  Cilia  distributed  over  the  entire  body . . . .Bacillus . 

2.  Cilia  polar  Pseudomonas. 

B.  Cells  bent,  without  sheath  Spirillaceae . 

C.  Cells  surrounded  by  a  sheath   Chlamydobactiriaceae 

D.  Cells  without  sheath  in  threads,  motile  by  means  of  an  undulat- 
ing membrane  Beggiatoaceae . 

Following  are  the  descriptions  of  all  the  species  of  bacteria 
worked  out  during  the  course  of  these  investigations.     Those  species 
for  which  a  name  could  not  be  found  are  designated  by  Roman  numerals 
only.     Of  the  forty- two  species  described  it  is  quite  evident  that 
the  gas  producing  ones  are  most  active,  of  these  however  the  oner* 
appearing  most  frequently  were  species  numbers  II,  III,  IV,  VII,  X, 
XII,  XXVIII,  XXIX,  XXIII,  XLI ;  some  of  these  occuring  on  every  plate 
Of  the  non-gas  producing  ones  XIV,  XVII,  XXIII,  XIX,  XXIII  appear 
to  be  the  most  active.     As  will  be  shown  later  it  is  probably  not 
one  specific  kind  that  produces  any  great  change,  but  that  it  is  the 
many  acting  together  that  do  the  great  work.     Following  the  descrip- 
tions of  the  various  kinds  is  given  a  condensed  table  showing  at  a 
glance  the  characteristic  behavior  of  each  one  in  the  various  cul- 
tures.    The  plus  and  minus  signs  are  used  to  denote  the  presence  or 

 .   3*   :  _=  ___= 


absence  of  the  character  named  at  the  head  of  the  column. 
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I.     BACILLUS  SHBTILUS   (Ehrenberg) .' 

It  is  a  long,  slender  bacillus,  varying  in  length  from 
2  -  8  u.  being  from  3-6  times  as  long  as  wide.       They  occur  single 
on  agar  slants  but  in  broth  grow  out  in  long  filaments.       It  is  act- 
ively motile.       Spores  are  formed  at  or  near  the  middle  of  the  rod. 
It  grows  best  at  blood  heat  ( incubator  at  37°  C),  but  also  at  the  room 
temperature  on  ordinary  media. 

Plate  Colon:- :    A  grayish  white,  wrinkled  colony,  spreading,  dull  sur- 
face.    On  gelatin  it  forms  a  saucer  shaped  growth  containing  a  cen- 
tral opaque  portion  from  which  radiate  grayish,  granular  and  branched 
grov/ths,  a  regular  net-work  which  extends  to  the  circumference  of  the 
liquid  part. 

Agar  Slant:  A  grayish  white,  dull,  wrinkled  growth,   spreading;  ex- 
tending over  almost  the  entire  surface.       Coarse  thread-like  gran- 
ular projections,  radiating  into  the  media  from  several  different 
points . 

Gelatin  S_tab:  Liquefaction  commences  in  the  shape  of  a  membraneous 
sacl  including  a  gas  bubble  at  the  surface  and  slight  sediment  in  the 
bottom.     Later  this  extends  from  side  to  side  of  the  tube  until  in 
about  a  week  entire  contents  is  liquified  with  heavy  sediment  at  bot- 
tom and  clear  liquid. 

Milk:  Coagulated  and  in  four  days  had  liquified  the  casein. 
Litmus  Test:  It  is  not  acid  in  reaction. 

Ferment  at  ion  Tube:  No  gas,  no  growth  in  closed  arm,  but  heavy  growth 
in  open  bulb. 

Indol :  No  indol  is  produced. 

Reduction  Test:  Nitrates  are  not  reduced. 
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Bouillon:  Liquid  limpid,  with  a  white  wrinkled  pellicle  extending  up 
the  sides  of  the  tube. 

Potato:  A  grayish  white  growth,  very  abundant,  later  becoming  wrinkl- 
ed. 

Remarks:  It  has  occurred  on  several  plates,  and  this  extremely  common 
bacillus  might  not  be  considered  as  one  of  the  active  sewage  bacter- 
ia. 


II.  BACTERIUM  tJBIQTiiTUS  ( Jordon)  . 

It  varies  in  different  cultures  tending  to  form  filaments 
in  brotb.  It  is  a  short  almost  oval  bacillus  length  equals  1  l/2- 

3  times  width.     Ends  are  curved,  non-motile;     spores  were  not  obser- 
ved.    It  grows.  011  ordinary  culture  media  at  room  temperature, 
also  at  37°  C. 

Plate  Colony:  At  first  a  small  round  shiny,  white  colonies,  some  with 
dark  centers  others  none,  and  the  deep  colonies  are  dense  and  oval. 
Later  they  increase  in  size,  have  well  defined  and  shaped  outline, 
through  the  microscope  they  are  densely  granular. 

Agar  Slant.  Af t ertwenty_f our  hours  is  in  form  of  small  round  smooth, 
shiny  white  colonies  which  soon  run  together  and  spread  over  almost 
the  entire  surface. 

Gel at  in  Stab:  Growth  along  path  of  needle  is  in  form  of  separate  colo- 
nies  of  different  sizes,  with  a  small  white  growth  on  surface. 
Later  gas  bubbles  are  formed  across  the  growth.       It  does  not  liquify 
the  gelatin. 

Milk:  After  three  days,  it  has  coagulated  the  entire  contents. 
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I»iJi55i2  Test:  Turned  litmus  red  after  two  days. 

Fermentation:  Gas  is  found  in  the  closed  arm,  liquid  turbid  in  both 
arms. 

Indol :  Indol  is  formed  in  sugar  free  bouillon. 
Red us t ion  Test :  It  reduces  nitrates  to  nitrites. 

Bouillon :  The  liquid  becomes  turbid  with  a  white  sediment,  a  very 
thin  almost  transparent  pellicle  is  formed,  which  upon  slight  shaking 
falls  to  the  bottom. 

Potato :  It  forms  a  heavy  beaded,  raised  yellowish  growth  with  brown- 
ish tinge.     It  is  not  spreading,  but  is  luxuriant. 
Rosalinic  Acid:This  acid  is  slightly  faded  after  a  great  length  of 


t  ime . 

Remarks :  This  is  found  in  Sternberg's  Manual  as  bacillus  ubiquitum. 
It  is  found  frequently  and  seems  to  be  one  of  the  active  members. 


III.     BACILLUS  COLI-OOIWTIIIS(Bscherich)  . 

It  is  a  short  bacillus,  being  about  1,4  u.  broad  and  from  1 
-  2  times  as  long.        Found  single  and  not  in  filaments,  activeltj 
motile;     observed  no  spores,  it  grows  best  at  37°  C;     also  grows  at 
room  temperature. 

Plate  Colony :  It  is  a  small  opaque  colony,  slightly  spreading.  On 
litmus  gelati^  plate  it  has  most  frequently  a  fan-shaped  appearance. 
Always  on  the  surface  of  the  media,   for  it  does  not  grow  with  the 
absence  of  oxygen.      Wot  all  varieties  have  this  shape,  others  t  *e 
round  and  smooth. 
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Agar  Slant :  It  forms  a  grayish  growth  along  path,  later  spreading, 
surface  quite  rough  but  is  shiny.     Edges  are  irregular. 
Gelatin  Stab:     Growth  is  slightly  granular  along  the  tract,  with  a 
heavy  and  v/ide  spreading  surface  growth,  reaching  the  sides  of  the 
tube . 

Milk :!Tilk :  is  coagulated  at   the  end  of  two  days. 
Litmus :  It  gives  an  acid  reaction. 

Fermentation :     It  is  a  good  gas  producer  filling  about  one-half  of 
the  closed  arm. 

Sugar  Free  Broth:  After  three  days  it  produces  indol.  Some  cases 
only  a  trace  is  formed. 

bouillon:         •        This  becomes  turbid  with  a  white  sediment  and  a 
very  thin,  membraneous  pellicle,  which  falls  to  the  bot'om  upon 
slight  shaking. 

Remarks :This  has  been  found  in  every  sample  collected,  and  in  all 
parts.         Sometmes  however,  there  was  only  a  very  faint  indol  test. 


IV.     BACTERIUM  OAUALIS    [  Mori). 

It  is  very  small  and  appears  much  like  a  micrococcus.  In 
broth  they  are  larger  and  here  about  one  and  one  half  times  the  width, 
mostly  in  pairs,  some  are  slightly  motile,  observed  no  spores. 
Plate  Colony.   It  is  a  soft  grayish  mass,   shiny  and  uniform,  slightly 
spreading  when  the  edges  are  lobed.       On  gelatin  it  is  smaller  and 
more  compact. 

Agar  giant :Growth  along  the  path  and  spreading  on  both  sides,  uniform 

slightly  decreasing  in  width  towards  the  top. 
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As  it  gets  older  it  spreads  laterally  and  the  edges  seem  as  thou,  h 
it  broke,  giving  it  a  serrate  edge. 

CJelat  in  :Stab :  Only  a  slight  membraneous  growth  along  the  path,  but  a 
small  grayish  white  growth  at  point  of  innoculation,  giving  it  a 
nail-shaped  appearance. 

Milk:  The"  milk  coagulated  at  the  end  of  two  days. 
Litmus :  An  acid  reaction. 

Fermentation:  Gas  is  formed  with  growth  both  in  closed  and  open 
arm. 

Indol.  A  faint  indol  test  is  obtained. 

Reduction:        It  has  not  the  power  to  reduce  nitrates. 
Bouillon:     The  liquid  becomes  turbid  with  white  sediment  at  the  bot- 
tom of  the  tube.        A  ring  is  formed  on  the  glass  at  the  top  of  the 
liquid  but  no  pellicle. 

Potato:  At  first  the  growth  is  the  color  of  the  potato,  later  it  is 
turned  brownish.       It  becomes  heavier  after  several  days  and  is  slight^ 
ly  spreading. 

Rj)salinic  Acid:  It  does  not  decolorize  it. 

Remarks :  This  corresponds  closely  to  the  description  by  Migula  P. 351 
only  that  in  the  specimen  &  examined,  I  observed  no  capsule,  rot  was 
any  pellicle  apparent,  yet  the  ring  was  very  prominent  so  that  there 
may  have  been  a  pellicle  formed  and  fallen. 


V.     BACILLUS  MYCOIDES(Flflgge) .A  large  organism,  the  length  being 

equal  to  2-3  times  the  width.   Ends.;  square,  occurs  in  long  filaments. 

It  is  actively  motile.     Spores  are  formed  near  the  ends  of  the  rods. 
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It  grows  in  temperature  of  15°  -  37°  G . 

Plate  Colony:  It  is  a  large  gray  mass  of  inter-woven  threads,  spread- 
ing radially,  denser  in  the  center.  At  first  only  a  dim  spot, 
which  gradually  develops  into     this  mass  and  on.  gelatin  this  mass 
remains  tender  and  clear,  but  as  it  rises  the  gelatin  is  liquified  and 
tbe  growth  spreads  leaving  a  dull  mass  of  growth. 

Agar  Slant :   In  one  day  the  growth  has  spread  over  almost  the  entire 
surface. a  dull  white,  fluffy  irregular  growth.      After  several  days 
there  is  i    mossy  growth  extending  down  into  the  agar. 
Gelatin  Stab :  At  first  there  is  a  gas  bubble  formed  at  the  top  and 
beneath  it  Pjong  the  stab  there  is  a  growth  with  thread  like  root- 
hairs  projecting  out  laterally  from  the  stab.        Soon  there  is  a  mem- 
braneous sack  formed  beneath  the  bubble  which  gradually  enlarges, 
with  contents  liquefied.       After  seven  days  the  gelatin  to  the  end  of 
the  stab  is  liquified  and  is  separated  from  the  non-liquified  gelatin 
by  a  flocculent  growth  leading  the  top  part  quite  clear. 
Milk:  It  is  coagulated  at  the  end  of  two  days,  and  in  four  days  almost 
all  the  casein  is  liquified. 
Litmus:     There  is  no  change  in  color. 

P^rmentat iqn_:     TTo  gas  is  formed  but  growth  in  both  open  and  closed 
arm. 

Indol :    No  indol  is  formed. 
Reduction:  It  reduces  nitrates. 

Potato.     Growth  a  dull,  white,  spreading  growth  with  rather  irregular 
surfac  e. 
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VI.    BACILLUS  SUBCOOCOIDES(Weichelbaum) . 

It  is  a  small  bacillus  with  its  length  about  twice  the 
width.        Mostly  single,  some  in  pairs.      Aerobic.     Some  are  actively 
motile,  while  others  have  only  a  very  slight  motion,  if  any  at  all, 
spores  were  not  observed.        It  grows  between  9  -  37°  C.  but  best  at 
the  room  temperature. 
Plate  Colony;     It  has  a  very  characteristic  appearance,  with  its  pecul- 
iar marlings  on  the  surface  colonies.        The  deep  colonies  are  denser 
and  less  irregular  in  shape.         On  gelatin  it  has  similar  markings 
with  the  center  slightly  raised,  smooth  edges  and  granular.  On 
folder  colonies  the  small  lines  are  numerous  and  with  deeper  forrows, 
slightly  yellowish  in  color. 

Agar  Slant;     At  first  the  growth  is  a  smooth  white  shiny  growth  with 
separate  colonies  near  the  top  and  bottom  they  are  confluent,  the 
separate  colonies  have  markings  similar  to  those  on  plate.  The 
middle  part  of  the  growtfc  is  slightly  raised.        Later  this  middle 
ridge  is  yellow  with  a  creamish  lateral  growth. 

Gelat  in  Stab:  Very  slight  growth  along  part  of  the  needle,  with  a 
small  creamish  growth  on  the  surface. 

Milk:  Not  coagulated,  but  changed  chemically,  has  peculiar  odor. 
Litmus  :  No  t  changed . 

Ferment  at  ion  Tube:    TTo  gas.     Growth  only  in  open  bulb. 
Indol :    No  indol  produced. 
Reduction :     It  does  not  reduce  nitrates. 

Bouillon :  Turbid  with  sediment  and  a  thin  white  pellicle,  having  the 
appearance  of  green  on  surface  of  cold  water.     Later  the  liquid  be- 
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c  owe  s  r u d  d  y  and  ha  s  a  b  ad  odor. 

Potato :  Growth  visible,  a  shiny  spreading  growth  0f  a  grayish  color. 
It  changes  the  color  of  the  potato  to  a  bluish  gray. 
Remarks:  This  is  the  species  which  in  Sternberg's  Manual  is  given  as 
aquatilis  sulcatus  I 1  3 .        It  conforms  with  all  the  different  descrip- 
tions that  I  have  found  on  the  species  with  the  exception  of  Puller, 
who  says  there  is  no  pellicle  formed  on  broth.       It  has  occurred  sev- 
eral times  although  not,  as  abundantly  as  some  of  the  others. 


VII.     EAOILLUS  UK  UTAH. 

It  is  a  very  short,  oval  bacillus  mostly  in  pairs,  and 
some  in  clusters,  motile,  spores  have  been  observed.       It  grows  in 
the  usual  media  at  room  temperature,  also  at  37°  0. 
Plate  Colonies.:      They  are  at  first  very  small,  the  deep  ones  are 
round,   sharp  edged,  and  of  a  brownish  color,  those  on  the  surface 
are  more  irregular  in  outline  and  of  a  grayish  white  color. 
Under  the  miscroscope  they  are  coarsely  grained  near  center  becoming 
almost  transparent  at  the  periphery.       Some  having  a  dark  nucleus, 
while  others  are  without  it. 

Slant  Agar:    At  first  it  is  a  white  smooth  growth  increasing  in  size 
upwa  ds,  later  it  becomes  waxy  with  lobed  edges  and  slightly  irrides- 
cent . 
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Gelatin  Stab:  Hot  liquefied,  a  granular    growth  along  path,  with  r.ui - 


face  growth  extending  over  almost  the  entire  surface. 
Milk:     Coagulated  after  two  days, 
litmus:      Turned  red. 


Fermentation  Tube:      Gas  is  formed.  About  one  half  of  the  closed 

krm  is  filled.  Growth  both  in  closed  and  open  arm. 

Indol:        No  indol  is  formed. 
Reduction :     It  reduces  nitrates. 

Bouillon :  Liquid  turbid  with  sediment,  a  pellicle  is  formed  which 
socr  breaks  and  falls.        It  has  a  very  bad  odor. 

Potato:      A  dirty-yellowish  firm  growth  limited  to  the  path  of  the 

needle,   edges  are  slightly  lobed  and  middle  raised. 

Remarks: It  seems  to  agree  very  closely  with  all  the  reactions  given 

by    Migula,  but  X.  have  not  observed  any  K2S  being  given  off.  It 

.  ±  "be 

was  such  a  short  bacillus  that iL  could  hardly  distinguish  5$  from  a 
coccus.       It  is  a  colony  which  occurs  very  frequently,  and  has  very 
much  the  appearance  as  well  as  the  characteristics  of  No.  XXV/fl 
ith  the  exception  that  this  is  inxdescent  and  reduces  nitrates. 


VIII  PYOGENES (Passet )  .      A  short- joint ed  bacillus,  single^  in  pairs 

and  some  in  filaments.      The  latter  are  formed  in  broth,  while  on  the 

slant  they  are  single.       7/idth  equals  about  .5  -  .7  u  and  the  length 

no 

varies  from  2  to  4  times  the  width.      Non-motile.       ObservedA spores . 
t  grows  at  a  temperature  of  10  -  37  °  0.  but  best  at  room  temperature 


Plate  Colony :     Round )  granular,  very  thin  and  marked  with  concentric 
bands;       it  has  a  whitish  color  and  the  bands  alternate  with  the 
dark  and  light  bands.  The  edge  is  dentate  and  lobed  but  sharply 

defined. 

Agar  Slant :    A  white  growth  spreading  over  the  entire  surface  in  form 
of  white  colonies,  smooth  and  shiny  giving  a  slightly  greenish  cast  to 
the  agar.      While  the  growth  has  a  metallic  lustre. 

Gelatin  Stab:    A  granular  growth  along  the  path,  with  a  surface  growth 
having  the  concentric  rings.       It  does  not  liquefy  the  gelatin. 
Milk :     It  is  coagulated. 
Litmus :       Turns  red. 

Fermentation  Tube:  Gas  is  produced,     growth  both  in  closed  and  open 
arms. 

Indol :      Only  a  faint  indol  test  is  obtained. 
Reduction:  Only  slightly  reduces  nitrates. 

Bouillon.     Turbid  liquid,  a  pellicle  is  formed  which  soons  falls  and 
part  remains  on  the  surface.      Later  it  clears  so  that  the  liquid 
becomes  opalescent  with  a  heavy  white  sediment. 

Pot a  to :  A  white  slimy  growth,  very  abundant,   changing  the  color 
of  the  potato.        Later     i-t  becomes  entirely  spread  over  the  entire 
surface  and  has  a  slightly  pinkish  tinge,  and  becomes  slightly 
wrinkled . 

Remarks :  I  have  not  succeeded  to  obtain  gas  bubbles  on  potato  culture 
this  may  be  due  to  a  different  manner  of  preparation  of  the  media. 
The  same  colony  has  occurred  several  times  and  seems  closely  related 
with  coli,  varies  in  that  this  is  non-ipotile  and  the  appearance  of  the 


colony.       The  bands  that  seemed  to  be  so  marked,  may  have  been  bands 
of  different  ages  of  growth.     It  differs  fron  Bacillus  aerogenus 
only  in  the  shape  of  a  plate  colony,  and  being  not  as  abundant.  It 
is  commonly  called  pyogenus  foetidus. 


IX.  BACILLUS  NEBULOSUS. 

It  is  a  small  bacillus,   length  being  equal  to  about  1  l/2 
times  the  width.        Many  in  pairs  and  some  in  long  filaments;  mo- 
tile; observed  no  spores.       It  grows  about  equally  as  well  at  room 
temperature  as  it  does  at  37°  C.      No  growth  was  obtained  from 
5  -  10  0  C. 

Plate  Colony:  To  the  nake3  eye  it  is  a  round  colony,  with  a  greenish 
center,   then  a  brown  circle  followed  by  an  almost  transparent  peri- 
pheral band.        The  edges  are  very  sharp  and  regular.      Through  the 
microscope  it  is  granular,  yellowish  with  a  heavier  lining  of  the 
interior  part  and  lighter  on  the  periphery. 

Agar  Slant:  It  is  a  cream-colored  rough,  surface^  slimy,  irregular 
margin  and  spreading  at  the  base.       Later  ii  becomes   light-brown  in 
color,  and  turns  the  agar  to  a  very  dark  brown  color.        With  age 
! the  growth  itself  becomes  reddish  brown. 

Gelatin  Stab:     At  first  there  was  a  membraneous   growth  along  the 
path  with  a  surface  colony,  this  soon  began  to  sunk  and  enclose  gas 
bubbles.        ^his  sack  now  formed  gradually  enlarged  and  liquified 
the  contents. 
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Klllc:     It  did  noJ    coagulate  the  milk,  but  the  vasein  is  liquefied  and 
has  a  bad  odor. 
Litmus :      Not  changed. 

fermentation  Tube:  No  gas;     no  growth  in  closed  arm. 

Indol:      None  produced. 

Reduction:      Slightly  reduces  nitrates. 

Bouillon:      Liquid  slightly  turbid,  abrownish  flaky  precipitate  sus- 
pended, a  white  pellicle  is  formed  which  falls  upon  slight  shading. 
Later  the  liquid  becomes  quite  clear  and  ruddy. 
Potato :     There  was  apparently  no  growth. 

Remarks :      This  does  not  agree  very  well  with  Nugulas  description 
!  given  for  this  specie-,  but  it  does  conform  with  that  mor  lengthy 
description  given  by  Wright,  in  memoirs  cf  teh  National  Academy 
of  Science,  P.   461.      With  the  exception  that  I  co^.ld  not  make  it 
form  gas  with  glucose  broth.        He  does  not  say  what  kind  of  sugar  he 
used  for  this  test,  but  i.  felt  assured  that  this  must  be  the  same 
species  for  it  closely  agreed  with  the  rest  of  his  description. 
This  species  was  found  or  noticed  only  two  or  three  times. 


X.  BACTERIUM  AERO GENES (Escher ich ( . 

It  is  a  very  short  bacillus,  with  rounded  ends;   single  but 
usually  in  pairs,  while  in  broth  they  frequently  occur  in  more  than 
twos.      Width  is  equal  to  about  1  u  and  length  one  and  one  half  the 
width.      Facultative  anaerobe;      non-met ile;     spores  were  not  ob- 
served.      There  is  only  a  trace  of  growth  at  8  -  15  0  0.       It  grows 
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well  at  room  temperature,  but  is  probably    better  grown  at  37°0. 
Plate  Colony :     At  first  it  is  a  very  small  colony  about  the  size  of 
a  pin's  head,  later  it  becomes  slightly  larger  and  projects  above  the 
surface  in  a  conical  shaped  way,  which  with  age  drops  down  upon  the 
gelatin.      They  are  grayish  white  smooth  and  shiny. 

Agar  Slant:  Grown  in  the  incubator  at  37°  C.   the  growth  is  in  colo- 
nies and  slightly  iridescent.    When  grown  at  room  temperature  the 
growth  is  in  the  form  of  a  grayish  uniform  slightly  spreading  line, 
and  there  is  no  irr idescence ;     smooth  and  shiny,  edges  regular. 
Gelat in  Stab :     A  uniform  growth  along  the  tract  which  later  becomes 
roughened  by  small  lateral  colonies.      There  is  also  a  shiny  white 
surface  growth  at  point  of  innoculat ion. 

Milk:      It  is  coagulated  within  three  days,  the  casein  is  not  liqui- 
fied. 

Litmus :      Turned  red. 

Fermentation  Tube:  Quite  a  large  per  cent  of  gas  is  formed,  with 
growth  in  both  closed  and  open  arm. 
Indol:    A  faint  test  of  indol. 

Bouillon:     Liquid  becomes  turbid  withintwenty  four  hours,  a  slight 
ring  on  glass  and  a  heavy  white  sediment.      An  incomplete  pellicle  is 
formed  which  falls  with  very  slight  shaking. 

Potato :     Growth  along  the  line  of  innoculat ion,  spreading,  shiny 
surface  but  not  smooth.     It  is  at  first  the  color  of  the  potato 
which  later  turns  brownish. 

Remarks :  It  is  commonly  called  Bacillus  lactis  afirogenes  .  It  is 
one  of  the  most  active  and  ever  present  bacillus  I  have  made  a  more 
extended  study  of  this  species,  which  will  be  given  farther  on  ii 


;his  paper.  It  is     easily  recogni/.ed  from  any  of  the  other  spec*? 

;Les  by  its  peculiarity  on  the  gelatir     plate.        Its  reactions  are 
like  Bacillus  coli  communis  bulfe  differs  from  it  in  its  morphological 
characters.        The  irridescence  produced  when  grown  at  37°  C.  and  not 
when  at  the  room  temperature  is  an  example  of  variation  due  to  en- 
vironment . 


XI.  BACILLUS  RAMOSUS(Frankland). 

I  It  is  a  large  bacillus,  the  width  is  about  1.6  u  and  the 

Length  varies^  about  4  times  as  long  as  broad,  ends  are  rounded;  they 
bccur  single  but  mostly  in  long  filaments,  when  the  separate  cells 
are  not  apparent.        The  long  threads  are  not  motile,  but  the  sin- 
igle  ones  exhibit  a  slight  pendular  motion.      Spores  are  formed  in  the 
rods,  near  the   ends,   it  grows  well  at  room  temperature,  also  at  37° 
b. 

Plate  Colony :      It  is  a  wide  spreading  colony,  composed  of  thin 
branching  threads  interwoven.     On  gelatin  it  is  at  first  a  cloudy 
pass  then  spreads  from  the  center  which  is  slightly  heavier  into 
:the  surrounding  media  in  a  nest-shaped  way  and  begins  to  liquefy 


the  surrounding  media. 

Agar  Slant:  It  is  a  dull  grayish  white  growth,  irregular  and 

spread  - 

ing  over  almost  entire  surface.     Later  turning  the  agar  to  a 

brown - 

ish  color. 

Gelatin  Stab.     A  first  a  feathery    growth  all  along  the  path, 

then 
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begins  to  liquefy  in  a  stocking  shaped  manner,  soon  the  entire  con- 
tents are  liquefied,  with  a  heavy  white  pellicle  on  the  surface, 
liquid  is  clear. 

Milk:  Coagulated  at  the  end  of  two  days  and  litmus  milk  is  decolor 
ized.       It  also  liquefies  the  casein. 

Fermentat i on  Tubjs:    No  gas  is  formed,  no  growth  in  closed  arm. 
Reduct ion :  It  strongly  reduces  nitrates. 

Bouillon :  At  the  end  of  one  day  a  cottony  pellicle  is  formed  with 
liquid  perfectly  clear.  Upon  shaking  the  pellicle  falls  and  a  new 
one  is  formed. 

Remarks:  It  is  not  a  very  common  occurrence  in  this  water  and  is 
easily  recognized  by  its  peculiar  plate  colon: . 


XII.     BACTERIUM  ALBUM.  (Hlgula  ). 

It  is  a  short,  small  bacillus  with  rounded  ends,  usually 
in  pairs  some  single,  a  few  in  chains  of  four  to  six.      The  length  of 
the  rods  varies  from  1.2  -  1.     u  and  from  .6  -  .8  u  in  width.  They 
are  not  motile.  No  spores  were  observed.       It  does  not  grow  at 

a  low  temperature,  best  grown  in  a  room  at  room  temperature,  also  at 
37°  C.       It  is  a  facultative  anaerobic. 

Plate  Colony.      To  the  naked  eye  it  is  a  round  colony  bordered  by  a 
heavier  band  and  a  heavy  nucleus.       The  contents  is  almost  trans- 
parent and  looks  like  a  drop  of  grayish  liquid  on  the  surface. 
Through  the  microscope  its  edges  are  irregular  heavy;  granular  and 

lines  radiating  from  the  periphery  inward  almost  disappearing  as  it 
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reaches  the  center.       The  transparent  portion  is  only  very  finely 
grained.      The  colony  is  almost  porcelain  white. 

Agar  Slant :     It  is  a  grayish  white    growth  along  the  path,  the  middle 
part  is  almost  transparent,  this  is  lined  by  a  darker  margin  which 
when  grown  in  the  incubator  has  a  fringy  appearance.      Here  it  also 
has  a  metallic  lustre  and  slightly  irridescent,  which  is  not  the  case 
when  grown  at  the  room  temperature.     Here  it  is  a  very  shiny  growth 
and  smooth. 

Gelat in  Rtab_:      Slight  ssrface  growth,  with  a  uniform  growth  along 
the  path  of  the  needle.      Here,  it  is  one  mass  of  closely  packed 
colonies.      A  gas  bubble  was  formed  at  the  top  and  the  surface 
growth  spread  itself  on  the  walls  of  the  bubble. 
Milk:      It  is  coagulated. 

Ferment at  ion :  It  is  a  great  gas  producer  fOr  analysis  see,  P   90 

Growth  both  in  Closed     and  open  arm. 
Indol :    No  indol  is  produced  in  3  days. 
Reduction :      It  strongly  reduces  nitrates. 

Potato :     A  slightly  spreading,  shiny  raised  creamish  growth. 
Bouillon.       The  liquid  becomes  very  turbid,  with  no  apparent  pellicle 
and  a  white  sediment  v/hich  later  turns  brownish. 

Remarks:     This  agrees  with  ITugula's  description  given  on  page  419, 
as  is  given  by  him,  I  have  found,  that  acid  is  formed  at  high  tem- 
perature and  alkaline  when  grown  in  the  dark  at  room  temperature. 
I  have  not  calculated  the  per  cent,  not?    would  be  liable  to  agree 
with  his  as  he  has  not  given  the  media  used  the  quantity  etc. ,  ap 
results  a*r  found  5  c.c.  Bouillon  =1.1  n/20  c.c.  NaOH. 
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Grown  in  the  dark  5  c.c.  Bon.il Ion  =  .0  n/20  c.c.  NaOK. 
Grown  in  the  incubator  5  c.c.  Bouillon  =  1.5  n/20  c/c/  NaOH. 
After  it  has  been  transplanted  a  number  of  tines  the  growth  is  uni- 
form throughout,   shiny  and  slimy. 

Mc.de  analysis  of  the  gas  produced  and  the  changes  produced  in  the 
water. 


XIII.  BACILLUS  HYALINTJS.  (Jordan). 

It  is  a  large  bacillus  1.5  u  wide  and  length  varies  being 
from  1  l/2  -  3  times  as  long.       It  is  very  frequently  found  in  chains 
of  various  length,  when  separate  cells  can  hardly  be  distinguished. 
It  is  a  motile  organism,  both  when  single  and  in  threads.      No  spores 
were  observed.     It  grows  well  at  37°  C.       It  grows  not  quite  so  well 
at  the  room  temperature. 

Plate  Colony:  A  dull  foggy  mass  with  a  heav    center,  having  a  ten- 
dency to  have  a  proteus  appearance.       Slightly  wrinkled  and  a  gray- 
ish white  in  color.        Edges  of  colonies  are  very  irregular  and  they 
grow  to  be  more  than  a  centimeter  in  diameter. 

Agar  Slar.t :     The  growth  spreads  over  the  entire  surface  and  is  a  ' 
wrinkledj  fluffy,  ragged  growth  of  a  grayish  color.        Grows  well  at 
the  end  of  24  hours. 

Gelatin  Stab:  At  first  it  is  a  membraneous  growth  all  along  the  path 
but  soon  this  widens  and  becomes  a  sack  like  injection,  wider  at  the 
top,  where  the  contents  is  evaporated.        This  continues  to  widen 
and  deepen,  until  the  entire  contents  of  tube  is  liquified  with  a 
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heavy,  whitish,  brittle  growth  on  surface  and  on  bottom  a  cottony 
sediment  with  liquid  clear. 

MilkrMilk  it coagulated  in  a  few  days  and  liquifies  a  large  part  of 
the  casein. 

Litmus. -  Not  turned  red,  and  soor  decolorizes  litmus  milk, 
"^ermentat ion  Tube.     Ho  gas  is  formed. 
Indol  is  produced  in  three  days, 
^duc^ion:      Nitrates  are  reduced. 

Bouillon :     Liquid  becomes  turbid, ;a.  slight  sediment  and  an  incompl- 
ete pellicle. 

Potato :     Only  a  slight  growth  on  potato,  the  color  of  the  potato  . 
It  is  in  form  of  colonies,  dull  and  bristly  edges.     It  soon  changes 
the  color  of  the  potato  slightly. 

Remarks :      This  is  a  very  common  organism  in  this  water,  it  occurred 
j; very  frequently  especially  on  the  plates  cultivated  in  the  incubator, 
i  This  corresponds  to  the  description  given  by  Migula  on  Page  724  and 

there  is  no  doubt  that  this  is  the  same  organism. 


XIV.     BACILLUS   . 

It  is  an  actively  motile  bacillus  with  rounded  ends, 
width  about  .5  u  length  varies  greatly  from  1  l/2  to  6  times  the 
width.        Usually  single  but  also  occasionally  in  long  threads. 
The  bacillus  stains  readily,   in  the  middle  of  the  rod  I  frequently 
found  an  oval  non-stained  body  having  very  much  the  appearance  of 
spores. 
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Plate  Colony:     On  agar  it  spreads  out  from  the  center  in  long  branch^ 
es,  which  branch  again,  the  ends  of  these  final  branches  are  heavier 
like  a  bead  at  the  ends.     It  is  a  grayish  white  mar-   .       In  the  in- 
cubator it  spreads  over  entire  plate.         On  gelatin     it  is  a  whitish 
cloudy  growth  spread  ing^ upon  reaching  the  surface  it  spreads  later- 
ally and  soon  liquefies  the  surrounding  gelatin  by  sending  out  fine 
threads  into  the  media. 

Agar  Slant :      Here  is  formed  a  grayish  white  mass  at  first  only  a 
branchy  growth  but  soon  spreading  over  entire  surface.       It  first 
forms  at  the  base  by  branch-like  projections   .        This  is  soon  all 
grown  over  and  sends  out  a  new  sujply  and  continues  this  procer.s 
until  the  entire  surface  is  covered. 

Gelat in  Stab :       Soon  a  membraneous  sack  extends  half  way  down  the 
growth  along  the  path,  with  the  contents  of  the  sack  liquefied.  It 
soon  reaches  from  side  to  side  and  continues  downward  as  far  as  the 
stab  projected.       The  liquid  part  is  turbid  with  a  heavy  sediment. 
Milk:    Milk  is  coagulated  and  liquifies  the  casein. 
Litmus :     Litmus  is  not  changed. 

Ferment c-i  t ion  : Tube :    ITo  gas,  no  growth  in  closed  arm. 
Indol :  none. 

Reduction :     It  does  not  reduce  nitrates. 

Bouillon :liquid  ^  turbid;  heavy,  granular  pellicle  and  brownish 
sediment. 

Potato :       A  white  slimy  layer  which  later  turns  yellowish  and 
changes  the  color  of  the  potato  to  a  bluish  gray. 

Remarks :  This  is  very  common  and  when  itdoes  occur  it  usually  spreads 
over  almost  the  entire  plate. 
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I  could  not  classify  this  species  accord  i1-  -  to  Migula  nor  Sternberg. 
It  is  undoubtedly    a  characteristic  sewaff  bacteria.       A  change 
as  produced  on  water  is  given  later. 


XV.  PSEUDOMONAS  7L0URES0ENS  (Flflgge). 

It  is  a  small  rod-shaped  bacillus,   its  width  is  about  .7 
u  and  the  length  about  2  times  the  width.        They  are  very  motile, 
usually  single,   some  in  pairs  and  in  irregular  groups.       It  is  afirob- 
ic  and  grows  best  at  the  room  temperature.        No  spores. 
Plat_e  Colonies:     It  is  a  gaayish  white  colony  giving  a  green  fluor- 
escence to  the  surrounding  media.       It  is  round,  slimy  with  smooth 
edgesunder  the  microscope  it  is  very  granular  near  the  center,  de- 
creasing towards  the  periphery,   it  is  of  a  yellow  color  fading  to 
almost  transparent.        On  gelatin  it  soon  liquifies,  with  the  bac- 
terial mass  collecting  at  the  bottom,  and  the  liquid  takes  on  a 
greenish-yellow  color. 

Agar  Slant .     A  smooth  shiny,  grayish  growth,  slightly  spreading  , 
decreasing  towards  the  top,  with  sharp  edges  and  giving  a  green  fluer 
escence  to  the  agar,  more  so  with  age. 

Gelat  in  Stab:      At  first  a  membraneous  growth  along  the  path,  which 
soon  begins  to  liquefy  in  a  funnel-shaped  way.        Soon  the  entire 
contents  are  liquefied  with  a  brownish  sediment  and  a  turbid  olive 
green  liquid. 

Milk:        Milk  is  coagulated  and  the  casein  is  soon  liquefied. 

Litmus:      Litmus  is  not  turned  red, 
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Ferment  at  ion  Tube:     TTo  gas  is  produced. 
Indol :       Indol  is  not  formed. 

Reduction      Reduction  of  nitrates  does    not  take  place. 
Bouillon :     Liquid  becomes  turbid  a  whitish  sediment  and  a  thin  mem- 
braneous pellicle  is  formed  on  the  surface. 

Potato :     A  brownish  growth  along  the  path  of  the  needle,  which 
changes  the  color  of  the  potato  to  a  bluish  gray. 

Remarks:     This  occurs  quite  frequently  and  can  easily  be  recognized 
as  one  of  the  fluorescent  species  by  its  action  on  the  media. 

out 

But  they  cannot  be  reorganized  from  the  non-1  icv  if aciens  with* the  test 
on  gelatin.       It  is  commonly  called    Bacillus  fluorescens  liqui- 
faciens.  Migula  places  it  under  Pseudcmonas  since  its  motility 


XVI.  PSFUDOIrOTTAr»  PAUSI1TCI. 

It  is  a  slender  rod,  with  rounded  ends,  varying  in  length 
from  2-4  times  its  width  of  the  cell.       Usually  single,  but  fre- 
quently also  in  pairs,  not  in  chains,  non-motile  and  observed,  no 
spores.       Grows  best  at  room  temperature,  aerobic,  and  chromogenic. 
Plate  Colony:       It  is  a  f  ern -He  af- shaped,  grayish  colony,  very  granular 
in  rii-'idle,  becoming  almost  transparent  near  the  edges.       It  has  no 
bad  odor.        The  surrounding  media  has  a  green  fluorescence  ,  The 
colonies  are  on  the  surface  smooth  and  shiny.        On  gelatirf  is  sim- 
ilar,  it  does  not  liquify. 


Agar  Slant:  A  dull  gray  oolor,  smooth  along  the  path,  many  small 
colonics  are  distributed  along  the  edge  of  the  main  growth,  with  a 
fluorosenco  of  the  underlying  media  of  a  greenish  cast. 
Gelatin  Stab:  At  first  there  is  only  a  small  surface  growth  but 
later  is  developed  a  very  scanty  growth  occurs  along  the  line  of 
inoculation,  while  the  surface  growth  is  an  opal e scent covering. 
Th'.;  upper  part  of  the  gelatin  has  a  green  fluorescence. 
Milk:  There  is  no  coagulation  nor  liquif action  of  the  caesin. 
Litimus :  It  has  turned  the  litimus  blue. 

Fermentation  tube :  No  gas  is  formed,  no  growth  in  closed  arm. 
Indol :  Only  a  trace  if  any. 
Reduction :  It  reduces  nitrates. 

Bouillon:  Liquid  turbid  with  sediment  and  a  membraneous  pellicle. 
Later  the  liquid  clears  and  it  acquires  a  green  fluorescence. 
Potatoe : . A  dirty  white  growth  not  very  luxuriant  nor  spreading. 
It  changes  the  color  of  the  potatoe  to  a  grayish  blue. 
Remarks :  This  is  commonly  called  Bacillus  fluorescence  non-liquif ac- 
iens  which  differs  from  Puditus  in  not  having  that  characteristic 
odor  and  from  liquif aciens  in  that  this  does  not  liquify  the  gelatin. 
It  occurs  quite  frequently  but  does  not  seem  to  be  one  of  the  active 
sewer  bacteria. 


XVII.   PSEUEOMONAS  PUTRIDA.   ( FLUGGE  ) . 

A  small  short  rod,  of  which  the  single  ones  appear  very 

much  like  a  cocci,  mostly  in  pairs,  a  few  single.     The  width  about 
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1-2  n  and  length  varying  from  l  1/3  -  2  time  a  the  width.    It  is 
actively  motile.     Ob served  no  spores.  Grows  best  at  room  temperature 
and  is  aerobic. 

Plate  Colonies :  The  surface  colonies  ure  a  brownish  white  color, 
granular  center  spreading  with  very  irregular  edges,  smooth  and 
shiny,  giving  off  a  very  bad  odor  on  removing  the  cover  of  the  dish. 
It  gives  a  green  fluorescence  to  the  surrounding  media.     On  gelatin 
does  not  liquify. 

Agar  Riant:  A  dirty  white,  spreading  growth,  abundant, edges  irregu- 
lar but  sharply  defined.     Surface  smooth  and  shiny. 
Gelatin  Stab :  Only  a  slight  trace  of  growth  in  the  gelatin  along 
the  line  of  puncture.     On  the  surface  is  formed  a==eyy?4y  ats  a  dirty 
v/hity  layer  giving  a  greenish  shimmer  to  the  upper  part  of  the 
gelatin  only.     Also  has  the  bad  odor  as  on  agar. 
Fermentation  Tube:  No  gas,  no  growth  in  closed  arm. 
Bouillon:  The  liquid  is  turbid,  a  slight  whitish  sediment  but  no 
pellicle.     The  fluorescence  here  is  only  very  slight. 
Potatoe :  A  thin  shiny  brownish  layer  is  formed,  not  very  luxuriant. 
Remarks:  Commonly  called  Bacillus  fluorescence  Putidus  (Plugge). 
I  did  not  grow  it  on  all  the  different  media,  for  I  was  convinced 
by  its  fluorescence  and  the  odor  that  this  must  be  the  species  des- 
cribed by  both  Migula  and  Steinberg  answering  ail  of  their  descrip- 
tions.    It  did  not  occur  very  frequently;  it  occurs  in  almost  all 
waters  and  it  may  not  be  considered  as  one  of  the  active  workers  in 
this  water. 


Ir 
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XVIIi  BACTERIUM  PYOCINNADARFMN  (Kruse). 

It  is  l  small  bacillus  with  rounded  ends  length  from  two 
to  four  times  the  width,  mostly  single,  some  in  chains  of  three  and 
four.     It  grows  on  ordinary  nutritive  media,  better  at  37°  c,  but 
with  scarcely  any  color  formed  here.     It  is  not  motile  and  observed 
no  spores.     An  aerobic  species. 

Platff  Colony :  On  agar  at  the  end  of  two  days  thc-y  are  of  ochraceous 
rufus  color  with  concentric  rings,  showing  the  ages  in  growth,  edges 
not  smooth  under  the  microscope;  it  is  very  granular  and  on  gelatin 
the  irregular  edges  extends  its  projections  into  the  surrounding 
gelatin.     They  are  then  swimming  colonies,  not  coloring  the  media 
in  which  they  are  imbedded. 

Agar  Slant :  The  color  is  first  yellowish  which  with  age  becomes  a 
deep  red.    Edge  smooth,  surface  moist,  slightly  granular  near  edges. 
In  the  incubator  has  hardly  any  color,-  the  deepest  color  is  produced 
in  the  dark.    Different  shades  are  obtained  with  different  cultures. 
Gelatin  Stab :     At  the  end  of  several  days  there  is  a  funnel  shaped 
beginning  of  liquifaction,  with  continues,  by  spreading  to  the  edges 
from  side  to  side  until  about  one  half  of  contents  is  liquified. 
The  liquid  is  clear  with  a  pinkish  sediment. 

Milk:  After  several  days  the  milk  is  coagulated  and  the  caesin  is 
liquified. 

Litimus :     No  change  in  color. 

Fermentation  Tube:  No  gas  is  formed,  growth  in  open  bulb  only. 

Indol :  Is  not  produced. 

Reduction:  It  does  not  reduce  nitrates. 
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Bouillon:  The  liquid  is  clear  with  si  deeply  pitted  pellicle,  at 
first  is  white  which  later  turns  pink,  a  pinkish  sediment  at  bottom. 
Potatoe :  Growth  appeared  as  a  white  growth,  no  apparent  change  in 
color . 

Remarks :  This  species  is  "Bacillus  pyocimrabaretts  -  Kruse:  this  is 

be 

as  naafc  as  it  couldAplace  d^.     It  agrees  with  Migula's  description 
except  that  the  potatoe  growth  does  not  turn  red  nor  is  the  bouillon 
turbid.     As  this  was  the  species  that  came  closest  to  it  I  put  it 
here,  feeling  not  confident  however  that  this  is  the  species  des- 
cribed by  Migula.     It  was  a  very  frequent  occurence. 


XIX.  BACTERIUM  LATERIOEUM  (Kruse). 

It  is  a  bacillus,  non  motile,  single,  and  slightly  curved, 
sometimes  it  grows  out  into  filaments  of  several  joints.     The  rods 
are  about  four  times  the  width,  sometimes  slightly  curved.  No 
spores  have  been  observed.     It  grows  best  at  37°  C.  and  very  slowly 
at  room  temperature;  no  growth  from  5  -  8°  C.  Aerboic. 
Plate  Colony :     It  grows  similar  on  gelatin  as  on  agar,  forming  a 
brick  red  colony,  small  circular,  sharp  edg'-d,  smooth,  shiny  on  the 
surface  of  the  media.    Under  low  power  the  colony  is  spherical, 
finely  granular,  and  brownish  red  in  color.     The  center  is  epaque 
with  a  more  transparent  marginal  zone. 

Agar  Riant :  The  growth  along  the  path  is  slightly  spreading  at  base 
at  first  only  a  flesh  colored  which  soon  turns  darker.     In  the  dark 

the  pigment  production  is  stronger.     The  edges  are  sharp  and  surface 
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is  smooth  and  phiny. 

Goiatin  stab:    Only  a  slight  membraneous  growth  along  the  path  of 
needle,  with  a  red  surface  growth. 
Litimus  plate:  Is  turned  blue. 

Fermentation  Tube:  Produces  no  gas,  with  growth  in  open  bulb  only. 

Indol :  Is  not  formed. 

Reduction:  Of  nitrates  only  slightly. 

Bouillon :  Is  opalescent  with  a  brick  red  sediment;  no  pellicle. 
Potatoe :  A  slight  growth  on  the  surface,  at  first  yellow  and  later 
turns  red. 

Remarks:  This  is  commonly  called  Bacillus  l&tericeum  and  is  found 
very  commonly  in  all  waters.    It  has  a  very  characteristic  color 
which  however  varies  with  its  environments.     I  came  across  it  a 
number  of  times  in  the  water  taken  from  the  different  parts  of  tlhe 
tank.     There  is  no  doubt  in^my_As4^iirr(zt^  that  this  is  the  species 
described  under  this  name  both  by  Migula  and  Sternberg.     These  des- 
criptions are  however  not  very  extensive  on  this  species  but  what 
is  given  seems  to  apply  also  to  this  species. 


XX.     BACILLUS  FLAVTJ  SCOTS  (  Pohl  ) . 

It  is  a  very  short  rod  with  square  ends,  non-motile  or 
j  only  very  slight  pendular  motion.    The  rods  are  from  1-J  to  3  times 

the  width.     Observed  no  spores,  grows  best  at  room  temperature, 
j  It  is  aerobic,  non-liquifying  organism  producing  a  yellov;  pigment. 
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Plate  Colony:  it  in  when  plated  out  from  the  water  a  large  yellowish 
colony,  the  center  is  a  yellow  white;  it  fades  to  a  white  towards 
the  periphery  which  if?  slightly  lobed.     Surface  smooth  and  shiny. 
Upon  making  subcultures  the  colonies  we^e  very  ski;  11  about  the  size 
of  a  pins  head,  yellow  and  round, on  tne  surface  of  the  media;  grow 
similarly  on  gelatin. 

Agar  Riant:  Here  it  is  a  d^ep  greenish  yellow  growth,  smooth  and 
shiny,  slightly  decreasing  towards  apex;  with  the  middle  darker 
than  the  edges;  it  is  slightly  spreading,  with  scarcely  any  growth 
at  room  temperature. 

Gelatin  Stab :  Only  a  scanty  growth  along  the  path  with  a  small 
yellow  coiony  at  point  of  inoculation.     This  gradually  enlargens, 
so  that  after  two  weeXs  it  extends  from  side  to  side;   the  gelatin 
is  drying  out  and  the  surface  has  a  cup-shaped  depression.  No  liqui- 
faction  occured. 

iviilk:  It  remains  unchanged  until  after  two  weeks  When  there  is  a 
yellow  ring  on  glass  and  thecaesin  is  liquified  without  previous 
coagulation . 

Li timus :  After  four  days  remains  unchanged. 

Fermentation  Tube::  No  gas  is  formed  and  growth  only  in  open  bulb. 
Reduc tion:  Of  nitrates  does  not  occur. 

Bouillon:  The  liquid  remains  liquified  for  about  ten  days  after  which 
it  turns  turbid  and  forms  a  yellow  sediment,  but  no  pellicle. 
Potatoe :  At  first  the  grayish  cream  growth  is  restricted  to  the 
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line  of  inoculation;  later  it  spreads  and  turns  to  a  darker  yellow. 
It  changes  t'ne  color  of  the  potato©;  the  growth  is  also  slightly 
raised. 

Remarks :  This  also  is  one  of  the  com  ion  chromogenic  species  that 
occurs  on  a  la^ge  number  of  the  plates.     This  coincides  exactly  to 
the  plus  and  minus  characteristics  with  Puller's  list  of  water 
bactefia.     It  does  not  grow  on  the  agar  slant  as  given  in  Miguia's 
description.     I  have  found  several  species  that  will  grow  as  separate 
colonies  on  the  slant  at  one  time  and  again  as  a  united  grov/th  in 
other  cases  where  subcultures  were  made  directly  from  the  first. 
The  color  is  also  not  as  deep  as  his;  I  called  mine  more  a  yellowish 
green.     This  may  have  been  due  to  the  environments. 


XXI .  PACTPRIUivl  FURCUM. ( FlUgge ) 

It  is  a  small  irregular  rod  varying  in  length;  most  of  them 
are  short  and  oval  with  the  length  1  1/3  times  the  width.     The  width 
is  about  .5  n.    The  rods  when  in  filaments  can  not  be  distinguished 
by  the  segments  and  are  often  slightly  curved;  the  ends  are  rounded. 
It  is  non-motile,  non-liquifying,  grows  best  at  room  temperature, 
facultative  anaerobic.     Observed  no  spores. 

Plate  Polonies:  The  deep  colonies  are  punctiftrand  yellowish  brown  in 
color.     On  the  surface  they  have  often  an  irregular,  knobby  form. 
Under  the  low  power  it  is  uniformly  granular  becoming  almost  trans- 
parent towards  the  periphery.     Grows  similarly  on  gelatin. 

Agar  Slant:  At  first  it  appears  as  a  shiny,  smooth,  creamish  growth 
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which  gradually  becoin.ee  darker  especially  in  the  middle,  With  the 
edges  slightly  lighter  and  become  very  ragged. 

Gelatin  stab :  Only  a  scanty  growth  along  the  path  with  a  slight 
surface  growth  which  gradually  enlargens  and  becomes  of  a  dark 
yellow  or  brownish  color. 

Mi ik :  Remains  unchanged,  does  not  coagulate  after  boiling. 
Litimus :  Is  slightly  decolorized,  without  previous  change  to  red. 
Fomentation  Tube:  Forms  no  gas,  with  growth  in  both  arms. 
Indol :  Is  not  formed. 
Reduction :  Of  nitrates  does  not  occur. 

Bouillon :     The  liquid  is  soon  very  turbid,  with  a  small  ring  on 
edge  of  glass  and  particles  of  growth  collect  which  soon  fall  to 
the  bottom  and  form  a  yellow  sediment;  no  complete  pellicle  is  form- 
ed. 

Potatoe :  Only  a  slight  yellow,  elevated  dry  growth  is  apparent. 
It  is  not  luxuriant. 

Remarks :     This  is  commonly  called  Bacillus  fuscus.     The  characteris- 
tic of  its  chemical  behavior  corresponds  to  Pullers  species  given 
in  his  table  of  plus  and  minus  characteristics.     It  also  agrees 
with  the  more  incomplete  descriptions  of  Migula  and  Sternberg.     It  is 
a  rather  common  bacillus  but  as  it  is  found  in  waters  frequently  it 
can  not  be  considered  as  an  active  sewage  bacteria. 


XXII.  BACILLUS  CUTICULARI S.  (TILS). 
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XXII.  BACILLUS  OUTICULARIS.  (Tils). 

It  is  a  short  bscillus,  the  width  about  .6  n.  and  length 
varying  considerably  from  2-4  times  the  width.     It  in  mostly  single, 
occasionally  in  filaments.     The  motility  is  hard  to  detect,  and  the 
single  ones  only  show  a  slight  motility.     Observed  no  spores.     It  is 
a  liquifying,  facultative  anaMrolic  species,  growing  but  at  37°  0. 
Plate  Polony :  On  gelatin  the  deep  colonies  appear  as  irregular, 
smooth  edged,  brownish  colonies,  while  those  on  the  surface  have  a 
sharp  outline  and  are  of  a  yellowish  brown  color,  with  a  darker 
center.     After  several  days  the  center  begins  to  sink  and  the 
gelatin  is  soon  liquified.     The  colonies,  when  the  gelatin  is  all 
liquified,  float  around  on  the  surface. 

Agar  Riant:  A  yellow  growth  appears  in  form  of  separate  colonies, 
round  and  smooth;  it  is  not  spreading. 

Gelatin  Stab :  After  the  second  day  the  surface  growth  has  already 
sunk  down  into  the  gelatin  which  is  soon  followed  by  a  slow  liquifac- 
tion  in  a  funnel  shaped  manner,  then  on  reaching  the  Rides  of  the 
tube  it  works  down  gradually  until  most  of  the  gelatin  is  liquified. 
The  liquid  part  is  turbid  with  heavy  growth  on  the  top  and  at  the 
bottom. 

Milk:  A  greasy  yellowish  band  is  formed  on  the  edge  of  the  glass. 
After  ten  days  it  is  coagulated  and  caesin  liquified. 
L:l timug  :  Turned  blue. 

Fermentation  Tube:     Forms  no  gas  with  growth  in  both  arms . 
Indol :  Is  formed  after  three  days. 
Reduction:  Of  nitrates  does  not  occur. 
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Boui lion:  A  uniform  turbidity  of  the  liquid,  without,  the  formation 
of  an  apparent  pellicle. 

Kemarks :  Migula  classes  this  as  one  of  the  sewer  bacteria.     It  cor- 
responds to  his  description  with  the  exception  that  I  have  observed 
no  pellicle  and  have  found  the  motility  very  weak.    It  is  a  very 
common  occurrence  in  the  water  examined. 


XXIII.  STREPTOCOCCUS  0ITREUS.  (Eisenberg). 

It  is  an  aerolic,  non-liquifying,  non-motile  micro- 
coccus.    The  individual  cells  are  perfectly  round,  rather  large  on 
an  average  of  about  1.5  u  in  diameter.     They  are  frequently  separate, 
some  in  pairs  and  often  in  chains  of  less  than  8  segments.     It  grows 
in  the  usual  culture  media  at  room  temperature,  but  better  in  the 
incubator  at  37°C.     No  growth  at  a  temperature  of  5  -  12 °C .  Chromo- 
genic . 

Plate  Polony :  It  is  a  large  lemon  colored  colony.     Through  the  low 
power  it  is  seen  to  be  heavily  granular  in  the  center  and  almost 
transparent  at  the  margin.     The  margin  is  sharp  but  not  regular. 
The  colonies  appear  on  the  surface  of  the  media  and  are  smooth  and 
shiny . 

Agar  Slant :  A  heavy  lemon  colored  growth  along  the  path  of  the 
needle,  spreading  at  the  base,  with  irregular  outlines;  at  first 
is  cream  colored  which  later  becomes  darker. 

gelatin: Stab :  A  very  scanty  growth  along  the  line  of  puncture,  with 
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a  yellow  but face  growth. 

Milk :  Not  coagulated  untij.  after  boiling. 

Litimus:  Remains  unchanged.. 

Fermentation  Tube :  Does  not  form  gas  and  growth  only  in  the  open 
bulb . 

Indol :  Is  not  formed. 

Reduction:  Of  nitrates  only  slightly . 

Houillon:  Is  opalescent  with  yellowish  sediment  and  a  ring  on  the 
edge  of  the  glass. 

Potatoe :  A  waxy  yellow  pasty  growth,  beaded  and  raised;  it  is 
limited  to  the  path  but  is  quite  abundant. 
Rosalia  Acid:  Is  not  changed. 

Remarks:  This  species  is  commonly  called  micrococcus  citreus,  but 
called  a  streptococcus  by  Migula.     The  characteristic  of  this  species 
as  T^h+rve  observed  tft^oa  agree  very  closely  to  those  given  by  him. 
It  is  a  very  comnon  water  bacterium  and  is  probably  not  one  of  the 
active  sewer  bacillus.     It  occurred  very  frequently  in  this  work  and 
was  characteristic  by  its  color. 
XXIV.     Micrococcus  Versicolor .( FlUlgge  ) 

It  is  a  facultative  aerolic  n on- liquifying,  chromogenic 
micro-coccus.     The  organism  is  small  and  round  associated  in  pairs 
and  in  irregular  groups .     It  grows  in  the  usual  culture  media  at 
room  temperature. 

Plate  Polonies:     The  superfical  colonies  on  gelatin  are  flat  and 
irregular  in  outline,  smooth  and  have  a  pearly  lustre,  a  dark  yellow; 
while  the  deep  colonies  are  more  spherical  in  outline.     Under, the 

low  power  they  are  granular,  a  heavy  brown  in  the  middle  and 
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another  band  t.t  the  periphery.     The  heavy  granules  are  distributed 
irregularly. 

Agar  Slant :  A  brownish  growth  along  the  path,  smooth  and.  has  a 
metallic  lustre,  with  irregular  edges,  darker  in  the  middle;  the 
growth  is  thick  and  heavy. 

Gelatin  Stab:  Small,  spherical  yellow  colonies  are  developed  along 
the  line  of  puncture  with  a  yellowish  growth  having  a  pearly  lustre 
on  the  surface. 

Milk:  Is  coagulated  after  ten  days  with  liquifying  the  caesin. 
Litimus :  Was  not  changed. 

Fermentation  Tube:  Forms  gas  of  about  2Gc/o  with  growth  in  both  anas 

fit  the  end  of  three  dyys . 

Indol :  Is  formed  in  very  snail  quantity. 

Reduction :  Of  nitrates  only  partially. 

Bouillon:  Is  made  turbid,  with  a  heavy  brownish  sediment  and  granules 
distributed  through  the  liquid.     On  the  surface  is  formed  a  whitish 
pellicle  extending  from  side  to  side.     It  is  net-work,  and  is  not 
entire . 

Potatoe :  A  clay-colored  pigment  is  formed  here,  the  growth  is  very 
spreading,  covering  almost  the  entire  surface. 
Remarks :  This  species  is  very  incompletely  described  by  Migula. 
disagrees  with  him  however  with  the  exception  of  the  pigment  as 
observed  it  was  more  a  brown  than  a  greenish  yellow.  This  description 
agrees  very  closely  to  Sternberg's  as  far  as  he  go<=s.     This  species 
has  not  occurred  very  frequently. 
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XXV.   ivilCROCOCCUS  TARDIGRADUS.  (Flugge). 

A  small  round  coccus,  singles  in  pairs  and  in  irregular 
groups.     It  stains  well  with  ordinary  dyes.     It  is  non-liquifying 
chroraogemc  species.     It  groves  in  ordinary  culture  media  *t  room 
temperature . 

Plate  Colony :  On  gelatin  they  are  very  s  iall  round  colonies,  the 
color  of  the  gelatin,  those  on  the  surface  project  slightly  above 
the  media.     Under  the  microscope  they  are  uniformly  granular,  a 
sharp  edge  and  have  a  greenish  cast.     The  center  is  surrounded  by 
a  darker  band;   the  entire  colony  can  be  removed  by  the  point  of  the 
needle.     It  turns  to  a  deep  brovm  later.     On  agar  the  colonies 
become  transparent  at  the  periphery. 

Agar  Slant:  An  ochre-yellow  growth,  limited  to  the  path  of  inoculat- 
ion.    It  is  a  smooth  and  horny  growth;  spreads  only  slightly.  It 
grows  also  in  the  incubator. 

Gelatin  Stab :  The  lower  part  of  the  stab  is  in  separate  colonies, 
near  the  top  the  stab  is  wider  and  more  membraneous .     There  is  a 
small  yellowish  growth  at  the  point  of  inoculation. 
Milk:  Did  not  coagulate  within  twenty  days. 
Litimus :  Is  not  changed. 

Fermentation  Tube:     No  gas  is  formed;  growth  in  both  arms . 

Indol :  Is  not  produced. 

Reduction:  Of  nitrates  does  not  occur. 

Doui Hon:     After  two  days  is  turbid,  with  a  slight  white  sediment 
at  the  bottom  of  the  tubes. 

Potatoe :  Only  a  slight  growth  limited  to  the  path  of  inoculation. 
Creamish  and  slightly  raised. 
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Hosalinic  Aoid:  Is  not  changed. 
',  Remarks :  This  is  micrococcus  flavus  tardigradus  according  to  Sternberg 
and  is  commonly  found  in  all  waters.     It  has  occurred  frequently  in 
this  work,  with  its  source  probably  from  fresh  waters. 


XXVI.     MICROCOCCUS  FOFTIDUS.  (Liborius). 

It  is  an  aerobic,  liquifying  no n-chromo genie  micro- 
ti coccus.     The  cocci  occur  single  and  some  in  chains  of  different 
!;  lengths ;  many  are  in  pairs . 
Plate  Polonies :  On  the  agar  to  the  naked  eye  it  is  a  porcelain  white 
round,  shiny,  smooth  colony,  without  any  Kind  of  surface  markings. 
It  is  on  the  surface  of  the  media  and  projects  slightly  above  the 
surf ace ; through  the  microscope  it  is  granular  decreasing  towards 
the  periphery  v/here  it  is  almost  transparent.     On  gelatin  the  colon- 
ies begin  to  sink  after  six  d«ys.     The  colonies  have  a  dark  center 
here  and  begin  to  liquify  the  gelatin  after  a  week. 
Agar  Slant :  It  grows  very  slov/iy  but  a  little  better  at  the  room 
temperature  than  in  the  incubator.     It  is  a  waxy  growth,  smooth  and 
shiny;  spreading  at  the  base. 

Gelatin  Stab :  After  one  day  there  is  a  slight  surface  growth  which 
gradually  increases  until  after  four  days  when  the  colony  begins 
to  sink  in  the  gelatin.     A  membraneous  sack  is  formed  half  way 
down  the  line  of  inoculation  at  the  end  of  which  heavy  lumps  of 
yellowish  growth  are  deposited.     This  sack  now  changed  into  a  funnel 

)  60.  


increases  extending  from  Ride  to  sid«  and  gradually  downward. 
The  liquid  is  very  turbid. 

Mi  IK.:  Is  coagulated  v/ithin  ten  days.    The  caesin  is  partly  liquified 
and  it  has  s  pinkish  tinge. 
Li timus :  Remains  unchanged. 

Fermentation  Tune:  No  gas,  no  growth  in  the  closed  ana. 
Indol:  Is  formed  in  a  very  slight  quantity. 
Reduction:  Of  nitrates  does  not  occur. 

Bouillon:  Liquid  turbid,  no  pellicle,  with  heavy  white  sediment. 
Potatoe :  A  limited,  beaded,  raised  growth,  grayish  in  color  along 
the  line  of  inoculation. 

Remarks :  This  agrees  very  closely  to  the  descriptions  of  this 
species  as  given  both  by  Migula  and  Steinberg.     In  this  work  it  has 
I  not  appeared  very  frequently. 


XXVII.  MICROCOCCUS  CINNABARINTJS •  ( Zimmerman ) . 

It  is  a  small  coccus,  some  single,  others  in  pairs  and 
some  in  irregular  masses.     Frequently  the  division  between  the  cells 
can  not  be  seen.    It  is  non-motile,  non-liquifying,  chromogenic, 
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and  observed  no  spores.  Aerboic. 

'  Plate  Colony :     The  colony  when  taken  from  the  plate  containing  the 

colonies  of  the  water,  it  is  a  deep  flesh  colored,  smooth,  round, 

shiny  and  quite  small  soft  colony.     Under  low  power  it  is  uniformly 

granular,  darker  in  the  center  and  becoming  almost  transparent 

towards  the  periphery.     After  several  subcultures  the  colonies 
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become  darker  as  they  Also  will  with  age . 
Agar  Slant:  At  first  a  very  faint  oreamish  tint,  which  gradually 
becomes  darker  until  it  has  a  brownish  red  color.     The  growth  is 
very  soft,  glistening,  smooth  surfaced  and  seems  to  have  *  granular 
contents;  spreads  very  slightly  near  the  base  of  the  tube.  It  grows 
very  slowly  but  better  at  room  than  at  higher  temperature. 
Gelatin  Stab:  Growth  extends  only  part  of  the  way  down  the  line. 
Here  are  small  white,  round  colonies  scattered  along  with  a  slight 
surface  growth.     The  growth  sank  into  the  media  with  the  gelatin 
evaporated,  probably  due  to  the  age  of  the  -  gelatin.     There  was  no 
other  sign  of  liquif action  here  or  on  the  plate. 
Milk:  Is  not  coagulated  within  twenty  days. 

Litimus :  Is  decolorized  from  the  bottom  upwards,  with  a  pinkish 
sediment  and  a  white  pellicle. 

Fermentation  Tube :  No  gas  is  formed  and  growth  in  open  bulb  only. 

Indol :  Is  not  formed. 

Reduction  of  Nitrates :  Does  not  occur. 

Bouillon:     Is  opalescent  with  pinkish  sediment,  observed  no  pellicle. 
Potatoe:     Succeeded  in  getting  only  a  very  slight  growth  along  the 
i  path  of  inoculation. 
Remarks:     This  seems  to  answer  the  description  given  by  Migula  P. 164. 
It  occurred  very  frequently.     It  appears  however  as  a  flesh  colored 
colony  which  later  becomes  a  little  darker,  but  the  pigment  is  not 
as  well  developed  as  it  is  after  several  transplantations. 
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XXVIII.     BACILLUS  VULGARIS.   (Hauser).  Mig. 

It  Is  a  small  bacillus  with  rounded  ends,  the  width 
about  .6  ta  and  varying  in  length  Iron  2  -  5  times  the  width.     It  is 
jj  actively  motile,  aerobic  and  facultative  anaerobic;  observed  no 
spores.     They  are  single  in  pairs  and  some  in  short  filaments  which 
are  frequently  bent  and  twisted.     It  grows  well  on  the  usual  culture 
media,  at  room  temperature  and  also  at  37°C. 

Plate  Colony :  The  colonies  at  first  appear  as  grayish  spots  which 
j  rise  to  the  surface  and  spread  out,  now  having  a  smooth  and  shiny 
surface.     The  center  is  somewhat  elevated.     Through  the  microscope 
with  slight  magnification  it  has  lobed  edges  which  sometimes  send 
out  buds  of  new  growth,  but  are  sharply  defined.     The  periphery  is 
very  finely  grained  while  at  the  center  and  around  it  there  are 
heavy  dark  clusters  of  granules.     There  is  a  slight  radiation  ex- 
tending from  the  center  outwards.     On  gelatin  they  sank  to  the 
bottom  but  it  did  not  liquify  the  gelatin. 

Agar  Slant :  A  uniform  bluisn  gray  shiny  growth  spreads  over  the  sur- 
face within  twenty-f our  hours. 

Gelatin  Stab:  There  is  growth  all  along  the  path  with  surface  growth 
gradually  spreading  to  the  sides  of  the  glass ;  along  the  path  it  is 
beaded,  later  turning  brownish  and  a  membrane  is  formed  around  it, 
but  I  have  not  succeeded  in  getting  it  to  liquify. 
:  Milk:  Is  coagulated;  no  liquif action  of  caesin. 
Litimus :  Turns  red. 

Fermentation  Tube :  Gas  is  formed,  about  45$  with  growth  in  closed 

and  open  arms . 

Indol :  Is  not  formed. 
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Reduction : of  Nitrates :  Does  not  occur. 

Bouillon:  Soon  becomes  very  turbid,  there  is  a  ring  on  the  glass 
and  upon  shaking  there  are  clouds  of  particles  floating  which  soon 
settle  at  the  bottom. 

Potatoe:     A  slightly  spreading, greenish  dirty  growth,  slightly 
granular  changing  the  color  of  the  potatoe  to  a  bluish  gray. 
Remarks :    I  ran  this  through  with  a  stock  culture  from  Novy's  and 
found  that  they  agreed  throughout.     I  could  not  make  either  of  them 
to  liquify  the  gelatin.    With  this  exception  it  agrees  closely  to 
Migula's  description.    Also  the  analysis  of  the  gas  agrees  with  that 
of  Theobald  Smith  of  the  same  species.     This  was  about  the  most 
abundant  specie,s  found;  there  was  at  le  ast  one  colony  on  every 
plate  that  was  plated  and  on  many,  many  more.     It  is  probably  one 
of  the  most  active  ones  found. 


XXIX.  BACTERIUM  PARVUM.  (Luderitz). 

It  is  a  short,  thick,  almost  oval  bacillus,  with  rounded 
ends.     The  width  is  about  1  u  and  the  length  being  about  1  lj'6 
times  that  of  the  width.     They  are  single  some  in  pairs  and  some  in 
rows  of  not  more  than  four.     Observed  no  spores;  non-motile. 
Plate  Colony:  A  small  grayish-white  round  colony,  shiny  and  soft. 
On  gelatin  they  sink  and  liquify  the  contents. 

Agar  Slant:  It  grows  abundantly,  in  forms  of  small  grayish-white 
colonies  which  later  become  confluent.     It  forms  a  soft  string-ymass, 
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with  surface  irredescent  of  blue,  green  and  red.     It  has  a  fecal 
odor . 

Gelatin  stab:  Growth  along  the  path  in  separate  colonies.  The 
surface  growth  spreads  and  liquifies  the  gelatin  from  side  to  side. 
Soon  the  entire  consents  is  liquified;  the  liquid  is  quite  turbid  m 
with  heavy  growth  on  surface  and  at  the  bottom.     On  glucose  gel.  gas 
is  formed  previous  to  liquif acttion . 
Milk:  Coagulated. 
Litimus :  Turned  red. 

Fermentation  Tube :  Gas  is  formed  about  26</o  in  Zjo  glucose  broth. 
Reduction:  .strongly  reduces. 

Pots  toe :  A  white,  shiny,  soft  growth,  same  color  as  potatoe,  which 
soon  drys  up  and  disappears. 

Bouillon:     An  incomplete  pellicle  is  formed,  liquid  becomes  turbid 
and  a  granular  sediment  is  formed.     The  pellicle  soon  falls  and 
leaves  a  ring  on  the  edge  of  the  glass. 

Remarks :     Gas  was  not  formed  every  time.     It  closely  agrees  to 
Bacterium  parvum  or  Bacillus  liquifaciens  parvus  more  commonly 
called.     It  is  not  an  obligatory  anaerobe,  but  grows  well  and. 
almost  better  in  the  absence  of  oxygen.     The  colony  was  isolated 
from  the  water  by  planting  or  growing  an  inoculation  from  the  water 
in  a  glucose  broth  sewer  agar,  where  it  first  appeared  as  a  small 
colony  and  gradually  increased  finally  forming  a  semi-spherical 
irregular  colony  from  which  subcultures  were  made. 
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XXX.  BACILLUS,  . 

1— m+mma r:     it  in  a  very  short  bacillus,  about  .6  ttwide 
and  1.8  0.  lonf .     They  are  frequently  in  filaments  where  the  separate 
segments  cannot  be  distinguished;  frequently  chains  of  5  u  -  8.5  u 
are  seen.     It  is  slightly  motile;  it  was  difficult  to  determine  if 
any  regular  motility  or  only  the  browning  motion.     It  is  not 
liquifying,  non-chromogenic,  facultative,  anaerobic.     Observed  no 
spores;  it  grows  in  the  ordinary  culture  media  at  room  temperature 
and  also  at  37°0 . 

Plate  Colony :  To  the  naked  eye  it  is  a  white,  glistening  circular 
colony  at  the  surface  and  small  oval  and  circular  denser  ones  at 
the  bottom.     Through  the  microscope  its  contents  appear  as  a  yellow 
granular  mass,  denser  at  the  Oentein;  at  the  edge  it  is  finely 
grained  and  becomes  transparent  at  the  periphery.     The  colonies  on 
gelatin  are  almost  transparent,  slightly  spreading  not  reaching  over 
a  diameter  of  1.6  in. 

Agar  Slant:  A  porcelain  white,  smooth  growth  near  apex  and  edges;  it 
is  in  form  of  small  individual  colonies.     It  is  slightly  spreading 
at  base. 

Gelatin  Stab :  A  uniform  growth  along  the  path.     A  gas  bubble  soon 
opens  near  the  surface  and  the  growth  sr>reads  and  covers  its  walls. 
Milk:   Is  coagulated. 
Litimus:  Is  turned  red. 

Fermentation  Tube:  Gas  is  formed  about  60$;  growth  in  both  arms. 
Indol :     Is  formed  in  sugar  free  broth. 
Reduction  of  Nitrates :  Does  not  occur. 
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Bouillon:  Is  soon  turned  turbid,  with  a  heavy  sediment  and  ring 
on  the  edge  of  the  glass;  no  pellicle  was  apparent.     It  turns  slight- 
ly pinkish  after  a  week. 

Potatoe :     A  luxuriant  growth  on  potatoes,  at  first  creaj'iish  in  color 
which  soon  turns  to  a  dark  brown.     It  is  smooth  spreading  and  slight- 
ly raised.     It  changes  the  color  of  the  potatoe  to  a  bluish  gray. 
Remarks  :Thpre  was  fauna*  10  species  to  which  this  confirms  but  it  is 
very  closely  related  to  B.  Coli  or  B.  aerogenes.     It  differs  from 
the  first  in  not  forming  any  pellicle  and  not  reducing,  in  chemical 
reaction,  and  from  the  latter  in  not  forming  any  pellicle,  being 
slightly  motile  and  in  not  having  the  characteristic  growth  of  the 
gelatin  colony. 


XXXI.  BACTERIUM.  

It  is  a  small  bacillus,  usually  in  pairs,  non-motile, 
liquifying,  aerobic.  It  grows  in  ordinary  culture  media  at  room 
temperature.     Observed  no  spores. 

Plate  Colony:     On  agar  it  is  a  whitish  cream  colony,  those  on 
surface  are  smooth  and  shiny,  while  those  imbedded  are  denser. 
Under  low  power  it  appears  as  s.  spongy  mass,  brown  color  and  very 
granular  in  the  center.     Later  it  becomes  a  dark  ochre  color  with 
surface  colonies  glistening. 

Agar  Agar:     At  first  a  3rellowish  shiny  growth,  decreas- 
ing towards  the  top  with  lateral  hair-like  projections  which  also 
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decrease  towards  the  top.  Later  it  becomes  very  fluffy,  irregular- 
ly branches;  deep  brown  color.  The  underlying  agar  also  takes  that 
color. 

Gelatin  Stab :     At  fi^st  a  uniform  growth  along  the  path,  a  bubble 

is  soon  formed  with  a  membraneous  sack  surrounding  it;  this  enlargens 

and  liquifies  the  gelatin  in  a  funnel  shaped  manner,  then  reaching 

from  side  to  side  and  working  down  to  the  end  of  the  stab.  The 

liquid  part  is  turbid  with  sediment  at  the  bottom  of  sack. 

Milk:  Is  coagulated  and  caesin  is  also  partly  liquified. 

Litimus :  Remains  unchanged. 

Fermentation  Tube :  No  gas  and  no  growth  in  the  closed  arm. 
Indol :  None: 

Reduction  of  Nitrates :  Does  not  occur. 

Bouillon:  Turbid,  only  a  slight  indication  of  pellicle  with  heavy 
yellow  sediment. 

Potatoe :  A  dull,  moist,  spreading  grayish-brown  growth.     It  turns 
the  color  of  the  potatoe  to  a  grayish  blue,  later  it  spreads  over 
the  entire  surface,  becomes  slightly  wrinkled  and  gray. 
Remarks :  Iw£®>&k«  Wo thingA which  corresponds  to  this  in  either  Migula 
or  Sternberg,  but  it  does  agree  with  all  the  characteristics  off  B. 
desidiosus  given  by  Puller  in  his  table  on  the  bacteria  found  in 
the  Ohio  River.     This  species  is  not  given  by  Migula. 
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XXXII.     BACILLUS .   ---   . 

It  in  a  very  short,  small  bacillus,  Its  length  is  about 
ll/3  times  the  width.  They  are  single,  some  in  pairs  and  a  few  in 
filaments  of  more  than  two.     It  stains  well  with  anelyne  dyes. 

N 

Observed  no  spores,  motile,  non-liquifying,  non-chrome genie ,  aerobic. 
It  grows  well  in  ordinary  culture  media,  better  at  room  temperature 
than  at  37 °C. 

Plate  Colony :  It  is  a  very  thin,  circular  almost  transparent,  flat 
and  lying  on  the  surface  of  the  media.    It  is  slightly  irridescent. 
Through  the  low  i:>ower  it  is  coarsely  grained  in  the  center  and 
becomes  more  uniform  towards  the  edge.     On  gelatin  it  is  a  round 
creamish  colony  with  a  yellow  center  and  a  sharp  smooth  edge. 
Under  low  power  the  periphery  has  a  greenish  cast  and  granular 
bundles  radiate  from  center  to  the  periphery. 

Agar  Slant:  The  growth  here  is  in  form  of  small  round  colonies, 
distributed  over  the  entire  surface,  some  of  which  later  become 
confluent . 

Gelfr tin  ntab:     Growth  along  the  path  only  near  the  point  of  inoculat- 
ion,  with  a  slight  surface  growth.     It  does  not  liquify  the  gelatin. 
Milk:  Not  coagulated.     It  had  a  very  bad  odor. 
Litimus :  Un eh a n ge d . 

Fermentation  Tube :  No  gas,  growth  in  open  bulb  only. 
Indol :  None. 

Reduction  of  Nitrates:  Does  not  occur. 

Bouillon:     Liquid  turbid,  heavy  white  sediment,  a  pellicle  of  lace- 
like strips  extending  from  one  edge  of  the  glass  to  the  other,  later 
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they  become  confluent  and  almost  completely  cover  the  surface. 
Potatoe :  A  dirt}'  yellow,  smooth,  shiny,  restricted  to  path  but 
quite  luxuriant  growth,  which  changed  the  color  of  the  pots* too 
to  a  grayish-brown . 

Remarks:  I  have  not  succeeded  in  finding  any  species  described  by 
the  different  authors  to  which  this  description  would  apply.     It  was 
not  very  commonly  found  nor  did  it  seem  to  be  a  very  prominent  one 
when  it  did  occur. 


XXXIII.       BACILLUS.  —  

It  is  an  oval  bacillus  which  can  hardly  be  distinguish- 
ed from  a  coccus.     It  is  slightly  motile  at  times,  and  quite  so  at 
other  times.     Most  of  them  occur  single,  v/hile  some  are  in  pairs. 
It  is  non-liquifying,  non-ehroraogenic,  facultative  anaerobic. 
Observed  no  spores.     It  grows  well  at  both  room    temperature  and  at 
37°C. 

Plate  Colony:  It  is  a  large  white,  shiny,  smooth  surfaced  colony, 
having  concentric  rings.     The  middle  is  sliglbly  irridescent  and  has 
a  metallic  lustre.     The  edges  are  lobed  and  heavier  than  the  middle 
part.     Through  the  low  power  the  margin  is  granular  then  this  is 
followed  by  a  more  transparent  layer,  which  is  bordering  a  peculiar- 
ly notched  heavier  band( which  may  only  have  been  the  margin)  and 
then  the  lighter  middle  part.     On  gelatin  the  colonies  are  yellowish 
small  and  round  with  a  darker  center. 
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1  Agar  Slant :  A  porcelain  white,  soft,  smooth  growth  with  irregular 
edge  and  slightly  spreading  at  the  base. 

Gelatin  stab:  Along  the  path  is  a  uniform  granular,  creamish  growth 
with  slight  surface  growth.     It  does  net  liquify  the  gelatin. 
Milk:  Coagulated. 
Litimus :  Turns  red. 

Fermentation  Tube:  Gas,  about  52$.     Growth  in  both  arms.  (See  gas 
analysis  later ) . 
Iridol:  Faint  test. 
Reduction:  Strongly  reduces. 

Bouillon:  Liquid  very  tinted,  pellicle  brittle  and  granular  which 
upon  slight  shaking  breaks  and  falls  which  soon  deposits  at  the 
bottom  of  the  tube. 

Potatoe :  A  grayish,  rough,  irregular  slightly  spreading  growth. 
It  has  changed  the  color  of  the  potatoe  to  a  bluish  gray. 
Remarks :     It  acts  very  much  like  B.  album,  but  the  gas  analysis 
show  that  it  is  quite  a  different  species.     It  also  differs  from  it 
in  forming  some  indol.     According  to  the  gas  analysis  it  would  agree 
very  closely  with  B.  ubiquitus  yet  the  colonies  did  not  appear 
alike  and  this  species  is  motile. 


xxxiy.    PL  AN  0  CO  ecus.   --. 

It  is  a  small  diplo-coccus ,  motile;  observed  no  spores. 
It  is  non-chrome genie,  non-liquifying,  aerobic,  grows  on  ordinary 

culture  media,  from  10°  -  37°  C.  but  best  at  room  temperature. 
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Plate  Colony:  On  agar  a  very  snail  almost  transparent  colony. 
On  gelatin  it  is  perfectly  circular  with  sharp  edges,  uniform, 
I  bright  and  shiny,  iias  a  yellow  mixed  with  green  tinge.     They  appear 
on  the  surface  of  the  media. 

Agar  .Slant :  A  porcelain  white  growth  in  form  of  separate  colonies 
which  later  become  confluent.     It  has  a  faint  irridescence  with 
reflected  light . 

Gelatin  stab :  At  first  a  uniformly  granular  growth  along  the  path. 
A  gas  bubble  breaks  the  upper  part  of  the  gelatin  and  growth  spreads 
along  the  edge.     After  several  weeks  it  was  liquified. 
Mi Ik :  It  has  a  bad  odor  and  coagulated  after  boiling. 
Litimus :  Not  changed. 

Fermentation  Tube:  No  gas,  no  growth  in  closed  arm,  with  heavy 
growth  in  open  bulb. 
Indol :  None. 

Reduction:    No  reduction  of  nitrates. 

Bouillon:  Liquid  uniformly  turbid;  no  pellicle;  a  white  ring  on 
the  edge  of  the  glass,  a  dirty  white  sediment.    Liquid  later  turns 
ruddy. 

Potatoe :  A  heavy  beaded  limited  creamish  growth  which  later  becomes 
I  yellow  in  color  and  spreads  over  the  entire  surface  and  is  slightly 
:  wrinkled. 

[Remarks:  It  does  not  seem  to  be  a  very  prominent  worker  and  as  far 
as  $  could  tell  it  did  not  appear  very  frequently.    Jfc*s*f*£pe  ;8s»«ft&  M* 
corresponding  species  in  Migulaw&s  found. 
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XXXV.     MICROCOCCUS.  . 

It  is  a  small  round  coccus  which  occurs  pintle  and  in 
pairs.    When  in  pairs  it  is  slightly  motile.     It  does  not  stain 
very  readily  with  anelyne  dyes.    It  is  non-liquifying,  non-chromo- 
genic,  facultative  anaerobic,  and  grows  well  on  ordinary  culture 
media  at  room  temperature  but  better  at  37°C. 

Plate  Colony :  The  original  colony  from  which  the  subcultures  v/ere 
made  was  a  triangular  dense  mass  which  was  roughened  by  small  colon- 
ies from  all  sides.     The  subcultures  resulted  in  oval,  triangular 
and  circular  colonies  in  the  depth  and  those  on  the  surface  v/ere 
larger  round,  yellowish,  finely  granular  and  fading  towards  the 
periphery . 

Agar  Slant :  A  heavy,  whitish-gray  smooth  thin  growth  along  the 
whole  length,  edges  lobed.     In  the  middle  there  is  an  elevated  line 
and  also  at  the  edge. 

Gelatin  Stab :  A  very  thin  granular  growth  along  the  line  which  is 
roughened  by  projecting  colonies.     There  is  a  slight  growth  on  the 
surface.     It  does  not  liquify  the  gelatin. 
Milk:  coagulated. 
LitaLmus :  Turned  red. 

Fermentation  Tube :  Gas  is  formed;  growth  in  both  the  closed  and 
open  arms . 

Indol :  A  slight  trace. 

Reduction:  Nitrates  are  reduced  only  slightly. 

Bouillon:     Liquid  becomes  turbid,  a  white  sediment  and  a  white 

granular  incomplete  pellicle. 
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Potatoo :  A  dirty  oreamish,  limited,  raised,  moist  growth.     It  changes 
the  color  of  the  potatoe,  and  gas  bubbles  arise  around  it. 
Remarks:  This  is  another  one  of  the  bright,  shiny,  soft  colony  which 
seem  to  be  characteristic  to  the  sev/er  bacteria. 

XXXVI.       BACILLUS  . 

It  is  a  very  short,  oval  bacillus,  motile,  single  and 

some  in  pairs.     Observed  no  spores  and  is  chromogenic,  liquifying 

ii 

and  facultative  anaerobic.     It  is  difficult  to  stain. 

Plate :     It  is  a  soft  shiny  colony  slightly  projecting  above  the 

surface;  the  central  part  is  yellow  while  tbe  surrounding  outer  part 
I  is  almost  white.     Through  the  microscope  the  periphery  is  almost 

transparent,  while  towards  the  middle  it  is  heavjly  granulated. 

Agar  Slant:     A  soft,  smooth  growth  slightly  spreading  at  base,  and 
!  yellowish  in  color.     When  grown  at  room  temperature  it  has  a  deeper 

color,  but  it  grows  better  at  37°C. 

Gelatin  Stab:     There  is  first  only  a  membraneous  growth  along  the 
path  with  an  irregular  surface  growth,  which  gradually  sinks  and 
j  begins  to  liquify  from  side  to  side,  and  continues  to  work  downward 
until  about  one  half  of  the  contents  is  liquified.     The  liquid  part 
is  filled  with  floating  floculent  particles. 
Milk :  Not  coagulated. 

Litmus :  Slightly  pink  and  almost  entirely  decolorized. 
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Fomentation  Tube:  No  sas;  growth  in  both  arms . 
Inclol :  None. 

Reduction :  It  does  not  reduce. 

Bouillon:  Liquid  turbid,  slight  ring  on  glass,  slight  white  sediment 
and  no  pellicle. 

Potatoe:  A  soft  yellow  growth  limited  to  the  point  of  inoculation. 
Remarks :     This  is  one  of  the  less  common  species,  it  having  occurred 
only  a  very  few  times. 


XXXVII.     BACILLUS  . 

It  is  a  very  small  bacillus  about  8  n  wide  and  about 
,  from  1-J  -  3  times  as  long;  ends  rounded";  single  and  frequently  in 
;  pairs.     Observed  no  spores,  an^  is  non-chrome  genie ,  non- liquifying , 

facultative  anaerobic.     It  grows  on  ordinary  culture  media  at  room 

temperature  but  better  at  37°C. 

Plate  Colony:  It  is  a  thin  white,  flat  colony,  edges  lobed.  Heavily 
;  grained  near  the  center  and  has  a  slignt  greenish  cast. 
Agar  Slant :     At  first  a  beaded  growth  along  the  path,  white,  later 
become  confluent  giving  it  a  soft  white  smeary  appearance.     It  has 
a  pearly  lustre. 

Gelatin  Stab:  A  uniform  rough  heavy  growth  along  the  entire  path, 
and  a  surface  growth  which  spreads  from  side  to  side. 
Milk:  Coagulated. 
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Litimus:  Red. 

Fermentation  Tube :  No  gas;  growth  in  both  arras. 
Indol:  none  formed. 

Reduction:     No  reduction  of  nitrates. 

Bouillon.:  Liquid  becomes  turbid  with  a  heavy  sediment  and  particles 
distributed  throughout  the  liquid  which  settles  on  the  sides  of  the 
tube . 

Potatoe :  A  light  brownish  color,  spreading,  granular,  which  later 
turns  to  a  pinKish  brown  and  gives  off  a  very  disagreeable  odor. 
Remarks : 


XXXVIII .       BACILLUS.  . 

It  is- a  very  short  oval  bacillus,  single,  in  irregu- 
lar groups  and  a  few  in  short  chains;  width  equals  to  about  .5  u 
and  ll/3-2  tines  as  long.     In  broth  the  rods  are  longer  than  on 
agar.     Observed  no  spores;  is  motile,  liquifying,  non-chromogenic , 
aerobic.     It  grows  on  ordinary  culture  media,  best  at  room  temper- 
ature . 

Plate  Colony :    It  is  at  first  a  small  bluish  white  colony,  about 
the  size  of  a  pin's  head  in  the  depth  of  the  media,  it  soon  comes 
to  the  surface  and  begins  to  spread  and  forms  a  greenish  yellow 
branched  colony.     Under  the  low  power  it  is  marked  with  numerous 
thread-s .  • 

Agar  Slant:  Growth  all  along  the  path  of  the  needle,  more  near  the 

base  where  it  is  spreading  and  is  granular.     The  edges  are  sharp 
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and  smooth. 

gelatin  Stab:    At  first  only  a  slight  growth  alone  the  path  an'!  at 
the  point  of  inoculation;  soon  a  membraneous  growth  is  found  around 
the  growth  along  the  path.     The  surface  growth  then  sinks  and  forms 
a  cup-shaped  appearance,  it  continues  to  sink  farther  and  farther 
so  slow  that  the  cup  contents  is  evaporated.     The  membrane  then 
takes  on  a  beet  shaped  appearance  and  works  from  side  to  side  and 
liquifies  the  gelatin.     The  liquid  part  is  clear,  with  surface 
growth  and  sediment. 
Milk:     Not  coagulated. 
Litimus :  Remains  unchanged. 

Fermentation  Tube:  No  gas;  no  growth  in  closed  arm. 
Indol :  None. 

Reduction:     It  reduces  nitrates. 

Bouillon:  Liquid  Slightly  turbid,  no  pellicle,  a  slight  yellowish 
sediment . 

Potatoe:     A  lemon  yellow,  thin  smeary  growth,  slightly  spreading 
and  changing  the  color  of  the  potatoe  to  a  bluish  grai^. 
Remarks : 


X.XXIX.  MICROCOCCUS.  

It  is  a  small  micro-coccus,  usually  in  pairs,  frequent- 
ly inirregular  groups;  they  measure  about  8  u  in  diameter;  not  motile. 
Observed  no  spores.     It  grows  well  at  room  temperature  but  better 
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at  37°C. 

Plate  Colony:     A  very  small,  round,  shiny,  smooth,  greenish  colony 
on  the  surface  of  the  media.     Under  low  power  it  is  a  greenish 
yellow  granular  mass  becoming  more  uniform  towards  the  periphery; 
after  a  short  time  the  colony  spreads  slightly  and  forms  an  irregular 
but  sharply,  defined  edge. 

Agar  Slant :  A  whitish,  slightly  raised  smooth  growth,  slightly 
spreading  at  base  with  irregularly  notched  edges. 
Gelatin  Stab :  First  only  a  slight  growth  along  the  path  with  a 
slight  surface  growth  which  gradually  increases  and  soon  is  depress- 
ed in  the  media  and  liquifaction  commences  from  side  to  side  and 
downwards  one  half  inch.     The  liquid  part  is  turbid  with  heavy 
growth  at  the  bottom.     Gradually  the  entire  contents  is  liquified. 
Milk:     Coagulated  after  boiling. 
Litimus :  Decolorized. 

Fermentation  Tube:  No  gas;  no  growth  in  the  closed  arm. 
Indol :  None. 

Reduction:     No  reduction  of  nitrates. 
Bouillon:     Turbid,  white  sediment. 

Potatoe :     A  greenish  yellow,  raised  irregular  growth;  quite  luxur- 
iant . 

Remarks:     They  stain  very  readily,  also  by  Gram's  method. 
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XL.  BACTERIUM. 

It  is  a  slender  bacillus,  the  width  hieing  about  .8  u  and 
the  length  varies  from  3  to  5  times  that  of  the  width;  the  ends 
'are  rounded;  spores  not  observed;  not  motile. 
Plate  Colony :    I t  is  an  orange  colored,  irregular  colony  on  the 
surface  of  the  media,  under  low  power  there  is  seen  in  the  center  a 
dark  dense  center  surrounded  by  heavy  granules  which  gradually  fade 
toward  the  ragged  periphery. 

Agar  Slant:  At  first  a  grayish  white,  shiny,  smooth  growth  along  the 
, line  of  inoculation  which  later  turns  to  a  pale  yellow  with  notched 
and  senate  edge,  decreasing  towards  the  top.     It  does  not  grow  at 
37°C  . 

Gelatin  Stab :     Only  a  slight  growth  along  the  upper  part  of  the 
stab  with  a  surface  growth  which  soon  extends  from  side  to  side. 
Mi  IK:     Not  coagulated. 

Litimus :     Is  gradually  decolorized  from  the  bottom  up. 
Fermentation  Tube :    No  gas  formed;  no  growth  in  the  closed  arm. 
Indol :     None  produced. 
Reduction:     Reduces  slightly . 

Bouillon:    Liquid  turbid,  with  slight  white  sediment,  a  white  ring 
on  the  edge  of  the  glass  with  a  stringy  growth  hanging  down  from 
this . 

Remarks :     It  has  occurred  quite  frequently  in  this  work  more  at 
times  than  others. 
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XLI.   BACILLUS  . 

It  is  a  slonder  bacillus,  width  about  .6  u  and  varies  in 
length  from  3  to  4  tines  the  width.    They  are  single  and  in  pairs; 
actively  motile,  and  observed  no  spores. 

Plate  Colony:     A  round,  sharp-ed  ;ed  colony,  almost  transparent. 
Under  low  power  it  appears  like  a  mass  of  granules  with  no  back 
ground.     The  deeper  colonies  are  smaller  and  denser. 
Agar  Slant :     A  very  thin  growth,  spreading  at  base  and  decreasing 
towards  the  apex;  grows  better  at  37 °G. 

Gelatin  Stab:  Growth  all  along  the  path  in  form  of  separate  colon- 
ies closely  connected  but  are  separate  near  the  tip.  A  small  gray- 
ish white  surface  growth. 

Milk:  Coagulated;  liquified  the  caesin  and  forms  a  pellicle  on  the 
surface . 

Litimus :     Turned  red. 

Fermentation  Tube:     Gas  is  formed,  about  21c/o.     Growth  in  both  arms. 
Indol :     A  small  amount  of  indol  is  formed. 
Reduction:     Nitrates  are  reduced. 

Bouillon:  Liquid  very  turbid  with  suspended  particle  distributed; 
on  the  surface  a  pellicle  is  formed  which  has  a  greasy  appearance, 
is  thin  and  irridescent. 

Potatoe :     A  yellowish,  shiny,  elevated  irregular  growth,  slightly 
beaded  near  the  tip  while  the  rest  is  spreading. 

Remarks :     It  has  a  very  bad,  fecal  odor.     Stabs  of  this  were  made 
in  plain  gelatin,  sewer-broth  gelatin  and  sewer  gelatin;  the  growth 
in  the  three  was  similar  but  more  abundant  in  the  latter  two;  the 


j|  growth  was  very  heavy  all  alon^  the  path,  while  in  the  former  there 
was  a  heavier  surface  growth.     In  the  sewer  and  sewer-broth  gelatins 
gas  bubbles  are  formed,  in  all  cases  the  bubbles  were  not  in  contact 
with  the  stab  which  shows  that  the  organism  forms  a  soluble  ferment. 


XL1I.         BACILLUS.--   . 

It  in  a  small  bacillus  with  rounded  ends;  width  about 
.6  n  and  the  length  varying  from  It  to  3  times  the  width.     It  occurs 
single  and  some  in  long  chains  of  4  -  12  organisms.     The  segments 
can  be  easily  distinguished.     No  spores  were  observed.     The  bacillus 
is  actively  motile;  both  the  single  and  long  filaments. 
Plate  Colony:     A  white  glistening  round  colony,  sharp  edges. 
On  gelatin  the  surface  colonies  sink  at  the  end  of  the  third  day. 
Under  low  magnification  they  appear  as  a  gray  uniformly  granular 
mass . 

Agar  Plant :     A  rough,  grayish-white  growth  along  the  path,  decreas- 
ing towards  the  apex;  edges  very  irregular,  which  later  developed 
into  a  smooth,  shiny,  sharp  edged  growth. 

Gelatin  stab :     The  growth  is  at  the  surface  and  'spreads  from  side 
to  side  and  sinks  into  the  gelatin,  thus  liquifying  the  upper  half 
of  the  contents.     The  liquid  is  very  turbid  and  has  a  heavy  yellow- 
ish sediment. 
Milk:  Coagulated. 

81. 


Litimus :     First  red  then  blue. 

Fermentation  Tubes    No  gas;  slight  growth  in  closed  arra. 
Reduction:     Reduces  only  slightly. 

Bouillon :    Liquid  turbid,  with  white  suspended  particles;  a  thin 
membraneous  pellicle  which  falls  to  the  botton  on  slight  shaking. 
The  liquid  later  becomes  opalescent  and  contains  a  heavy  sediment. 
Potatoe :     At  first  only  a  very  slight  growth,  the  color  of  the 
potatoe  which  later  becomes  a  sine ary^  brownish,  raised  growth,  which 
spreads  over  almost  the  entire  surface. 

^Remarks:     This  did  not  liquify  every  time,  when  not,  it  formed  a 
simple  growth  along  the  path  with  a  slight  surface  growth. 
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As  lias  been  stated  before  seme  species  of  bacteria  have  power 
to  produce  an  enzyrie  which  can  break  up  carbohydrates  into  gases, 
I Dr.  Theobald  Smith  in  the  account  of  his  classic  experiments  has 
I  given  a  number  of  species  which  produce  gases  and  the  necessary 
i conditions  under  which  the  gases  are  produced,  together  with  the 
composition  of  the  same.     Various  analyses  are  on  record  also  of 
i;  the  gases  liberated,  these  analyses  being  more  or  less  dependent 
!!  upon  the  point  of  view  of  the  investigator  and  the  time  when  the 
work  was  done.     Dr.  Smith  was  content  with  the  determination  of  the 
amount  of  carbon  dioxide  in  the  gas  collected  in  the  fermentation 
tube,  devised  by  himself,  by  using  potassium  hydroxide  as  the  absorb- 
ing material.     The  residual  gas  being  found  to  be  explosive  was 
considered  as  hydrogen  and  calculated  by  difference.     Pammel  and 
Bennett  have  studied  the  action  of  several  gas  producing  organisms 
with  special  attention  to  their  behavior  at  different  temperatures 
j upon  sugars,  namely:  glucose,  cane-sugar,  and  lactose.     In  their 
work  we  find  no  mention  of  nitrogen,  methane  or  any  of  the  heavier 
gases,  the  results  only  of  carbon  dioxide  and  hydrogen  are  given. 
In  the  case  of  13.  coli-communis  at  28 °o .  they  found  25.16*70  carbon 
dioxide  and  74. Sc/o  of  hydrogen. 
I A  more  extensive  study  upon  the  gas  produced  by  B .  coli-communis  has 
been  made  by  iviary  Pennington  and  Kusel.     They  studied  the  influence 
of  the  time  of  action  and  the  age  of  the  organisms  when  acting  in 
a  glucose  medium  containing:  beef  extract  5c/o;  salt  5*70;  peptone 

lc/o;  glucose  l.&fo  and  made  neutral  to  phenolpthaleim.    The  results 
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obtained  at  the  end  of  a  period  of  48  hours  were:  carbon  dioxide, 
34^;  hydrogen,  63c/j;  methane,  and  nitrogen,  1.5$  while  at  the 

end  of  192  hours:  carbon  dioxide,  23.59$;  hydrogen  69.88f/i>;  methane, 
2. 39% ;  and  nitrogen,  4.95c/o.      The  result  of  the  analyses  of  the 
gases  produced  by  bacteria  have  as  yet  not  been  very  accurate;  the 
duplicates  in  many  cases  differing  by  several  per  cents  even  when 
the  greatest  care  has  been  taken  to  have  all  the  conditions  as  near 
alike  as  possible. 

It  has  been,  found  that  bacteria  are  more  active  in  glucose 
medium  than  in  any  other  sugar  solution.     The  medium  used  in  the 
following  investigation  was  two  per  cent,  glucose-broth,  making 
this  medium  a*  nearly  alike  every  time  as  possible.    In  this  work 
a  special  study  was  made  of  the  gases  formed  by  some  of  the  most 
prominent  gas-producers  found.     The  apparatus  used  for  this  purpose 
was  two  glass  bulbs  connected  by  a  rubber  tubing  fitting  tightly; 
the  one  bulb  was  provided  with  a  stop  cock  while  the  other  was  an 
open  bulb.    These  were  first  sterilized  in  an  autoclave  for  30 
minutes,  then  the  desired  culture  medium  was  admitted  through  the 
open  bulb,  the  stop  cock  being  open.     The  level  was  adjusted  until 
the  bore  of  the  stop  cock  was  just  filled.     The  cock  was  then  turned 
the  open  bulb  plugged  with  cotton  and  after  resterilization  for 
ten  minutes  in  the  autoclave  rendered  the  apparatus  fit  for  inoculat- 
ion after  being  cooled  to  about  37°  centigrade.     Usually  four  or 
more  tests  were  made  of  each  species  studied,  two  of  which  were 
inoculated  in  the  closed  end  and  two  in  the  open  bulb.    The  inocuiat- 
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ion  wa?  performed  by  slipping  the  platinum  wire  charged  with  the 
desired  species,  through  the  stop  cook  until  it  net  the  culture 
tedium.     For  this  purpose  the  open  "bulb  had  to  be  raised  so  that 
the  fluid  in  it  was  above  the  level  of  the  stop  cock.  Inoculation 
of  the  open  bulbs  was  done  by  simply  removing  the  plug  and  using  the 
i  plain  wire.     It  was  found  that  at  37°  centigrade  there  was  a  more 
rapid  development  of  the  gases  than  at  the  room  temperature;  hence 
in  every  case  the  bulbs  were  kept  in  the  incubator  from  the  time  of 
inoculation  until  two  hours  previous  to  the  analysis. 

As  the  organism  multiplies,  the  gas  is  liberated  and  is  at 
once  collected  in  the  closed  bulb,  when  this  has  been  inoculated  in 
i!  the  closed  bulb,  displacing  the  liquid  and  forcing  it  over  to  the 
!  open  bulb.      In  the  other  case,  the  gas  is  first  formed  in  the  opnn 
bulb  and  consequently  escapes  hence  no  gas  is  collected  until  the 
organism  had  commenced  to  work  on  the  material  contained  in  the 
closed  bulb . 

In  most  cases  the  formation  of  the  gases  seemed  to  cease  toy  the  end 
of  45  hours,  so  development  for  that  length  of  time  was  permitted 
before  analysis.     The  bulbs  were  taken  into  a  small  cold  room  of 
almost  constant  temperature  where  all  the  analyses  were  made.  For 
this  purpose  Hempel's  burette  was  used.     The  carbonic  acid  gas  (0.0.2) 
present  in  the  gas  was  absorbed  by  potassium  hydroxide;  the  oxygen 

I 

(0)  by  pyrogallic  acid,  the  ethane  (0^H6)  by  fuming  srlphuric"  acid, 
the  carbon  monoxide  (CO)  by  an  ammonical  solution  of  cuprous  chloride. 
The  hydrogen  (H)  was  tested  by  combustion;  after  the  gas  had  boen 
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Mixed  with  a  certain  quantity  of  air  the  hydrogen  was  calculated  as 
two- thirds  of  the  contraction  after  combustion;   the  mash  gas  ( 0H4 ) 
was  calculated  by  the  carbon-dioxide  formed  by  the  same  combustion. 
The  nitrogen  (N)  was  determined  by  difference. 
Irregularities  arise  in  gas  production  when  there  is  some  carbohydrate 
contained  in  the  meat  or  beef  extract.     A  small  quantity  v/ould  make 
a  difference  in  the  amount  of  gas  formed,  and  the  acidity  of  the 
medium  would  cause  a  difference,  at  will  be     shown.     The  manipulation 
of  the  burette  must  be  very  accurate  for  a  difference  in  the  readings 
of  one  tenth  cubic  centimeter  makes  a  difference  of  about  .17  to  .5 
per  cent,  in  the  final  results.      Table  V  gives  the  amounts  of  the 
different  gases  analyzed.     The  composition  of  the  gas,  which  is 
given  off  by  the  tank,  as  made  by  Dr .A. W. Palmer  is  as  follows: 
carbonic  acid  gas  (C02),  10.7^  of  total  volume;  free  nitrogen  ( ) 
27.8;  marsh  gas  (CH4),  55.3;  ethane  (02H^),  6.2;  no  trace  of  H2S  was 
found.     In  this  all  the  explosive  gas  was  calculated  as  marsh  gas, 
while  in  the  following  analysis  this  was  separated  into  hydrogen 
and  marsh  gas. 
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Table  V.     Gas  Analyses* 

Bacterium  afirogenes (escherich)  X. 

Time  from  innoculation  to  analysis  45  hrs. 
total      Total    Place  of      002      Hydrogen      0H4  Nitrogen. 


Liquid      Gas  Innocula- 
J  tion.  

47  open        24.49        70.61  0  4.90 

,    24. 33         70.59  0  5.00 

E70  62  open         22.91         72.29  0  4.80  • 

22.94         72.39  0  4.67 

£75  64  closed  22.11 

22.36         72.07  0  4.57 

Bacterium  album.  (Mig. )    XI T . 

175         125  open         55.43         39.88  .776  3.914 

145  64  closed     55.78         40.05  .686  3.481 

55.67         40.45  .656  3.216 

150  8  5.2        closed     53.46        41.92  .651  3.969 

54.63         4|,92  .731  2.699 

Bacillus  coli -communis .    (Escherich)  III. 
260  40  open         27. 0<  ^   .38  2.  3^ 

69.10  0  3.65 

2  50  closed     25.10         70.18  1.9  2.82 

69.81  1.6  3.49 
200           62            closed     28.17         69.13  C  2.70 

68.68  0  3.15 

14n  56  open        28.84        6  5.22  0         ,  5.94 

65.05  0  6.11 
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jTotal 
Liauld . 

■X.  X  M        Jl  ^4  • 

Total 
gas  • 

Place  of 
inno cu la- 
t  ion . 

002 

Hydrogen 

OH4  Nitrogen. 

71 

open 



48.7  3 



46.53 

•  &  < 

45.23 

.61 

4.87 

52.1 

open 

48.94 

46.  24 

.686 

3.  559 

45.16 

.  909 

4.  416 

220 

94.6 

closed 

53.  44 

39.76 

0 

5.374 

40.13 

1.94 

2.964 

Bacillus  vu 1 g ar  i s 

(Hauser)  Mig. 

XXVII 1. 

270 

72 

open 

22.  22 

7  3.12 

.664 

4.006 

22.04 

73.52 

.702 

4.  23 

210 

open 

21.23 

21.22 

74.07 

.703 

4.007 

235 

69 

closed 

22.66 

71.70 

1.  40 

4.  20 

22.  48 

73.30 

.73 

3.49 

closed 

19.  56 

74.77 

1.13 

4.54 

19.  53 

7  5.09 

1.14 

4.  24 

Bacillus 

XXXII 1. 

,190 

74.6 

open 

46.78 

49.71 

0 

3.  51 

50.25 

0 

2.97 

190 

8  5 

open 

47.77 

49.  38 

0 

2.85 

47.46 

49.  23 

0 

3.  31 

206 

146 

closed 

58.84 

38.6 

0 

2.47 

37.04 

0 

4.12 

205 

100 

closed 

58.25 

38.86 

0 

2.89 

58 . 46 
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Bac  t  erium 

canal i  s . 

(Mori ; . 

7  t  r 
IV  . 

Total 

Total 

Place  of 

C0o 

Hyd  rogen 

0H4 

Nitrogen. 

[liquid . 

gas. 

innocula- 

t  ion. 

190 

78 

open 

35.71 

C  A  £ 

54.6 

8.107 

1  160 

52 

open 

36 .  29 

5  4 .  0 1 

8.046 

107 

60 

closed 

29.  95 

66 . 18 

0 

3.87 

6  4.7  8 

0 

%J  •  fj  1 

150 

42 

closed 

32.  21 

6  3.  48 

0 

x  *  U  J. 

62.31 

0 

«-/  •  to 

Bacillus  ■ 

V  T  T 

-.   XLI . 

240 

124 

open 

42.  46 

52.  70 

0 

4.34 

40.  54 

5  5 .  34 

0 

4.12 

t  r\  r\ 

300 

120 

open 

42.04 

5  4.62 

0 

3.34 

41.98 

5  4.54 

0 

3.48 

235 

144 

closed 

48.86 

48  .84 

0 

2.30 

48.76 

49 .  51 

0 

1.73 

305 

145 

closed 

47.06 

48  .  7  3 

0 

4.21 

47.7  7 

49  ♦  22 

0 

3.11 

Tin 

ethane  was 

found 

ITl    a  n  v  nf 

■f-  In  a     np  q 

ses . 

Carbon  monoxide 

in  one  case  only,  that  was  in  Bacterium  canalis,  where  one-half  per 
[cent,  was  found  when  innoculated  at  the  open  end.     In  Bacterium 
hibiquitum  in  addition  to  theanalysis  given  on  the  table  one-half 

per  cent  of  oxygen  was  found  in  each  case. 
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Prom  these  tables  we  see  that  Bacterium  aerogenes  and  Bacillus 
coli-coiamunis  are  closely  related.     The  amount  of  gas  formed  as 
well  as  the  percentage  composition  is  very  similar.     Only  in  three 
cases  out  of  the  eight  is  there  a  marked  change  in  composition 
between  those  that  have  been  inoculated  in  the  open  and  closed  ends; 
in  each  of  these  three  cases  the  per  cent,  of  carbondioxide  is  great- 
er in  the  ones  that  had  been  inoculated  at  the  closed  bulb  which 
may  be  due  to  part  of  the  C02  being  dissolved  as  it  passes  from  the 
lower  end  to  the  top. 

(TABLE  VI)    Rate  of  per  cent,  of  gas  produced  by  Bacillus  vulgaris. 

(Hauser)  Mig. 

Time  of  growth  in  days.     Initial  Pinal 
1.      2.      3.      4.  acidity  acidity. 


I  5$      30^     31$     31$  1.0  2.7 

II  0         26       31       31  1.0  2.7 

III  20         31       7)2       32  1.0  2.8 


The  per  cent  ©f  gas  produced  by  Bacterium  album.  Mig.  in 
cultures  of  different  ages  and  in  glucose-broth  of  different  acidity. 
(TABLE  VII).     Initial  Acidity  .8 

Time  of  growth.        Age  of  original  colonies  in  days. 


Hours . 

2. 

3. 

4. 

5. 

6. 

20 

25$ 

35^/b 

32$ 

34$ 

29^ 

28 

30 

36 

35 

39 

33 

44 

33 

38 

38 

39 

36 

72 

33 

38 

38 

39 

36 

Pinal  acidity        3.2  3.2  3.1  3.1  3.3 
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J  TABLE  VIII)  Initial  Acidity  .4 

Tine  of  growth.        Ae;e  of  original  colonies  in  days. 


Hours.  2  3  4  5  6 

20  45cp  41$  45$  38$  40$ 

28  48  45  48  43  43 

44  48  46  48  40  43 

72  48  44  46  42  40 

Final  Acidity.       3.3  3.3  3.3  3.3  3.2 


The  three  cultures,  the  results  of  which  are  shown  in  table  VI, 
were  made  at  the  sarae  tine  and  under  similar  conditions,  from  a 
broth-culture  of  B .  vulgaris.     It  shows  that  gases  are  not  always 
formed  at  the  same  tine  nor  at  the  same  rate,  but  that  the  final 
per  cent,  is  practically  the  sarae.     This  development  ceases  within 
three  days.    It  will  be  noticed  that  the  final  acidity  is  similar 
in  the  three  cases,  which  may  be  the  cause  of  the  stop  of  the  devel- 
opment of  the  gas.     The  acidity  as  expressed  above  indicates  the 

N 

number  of  cubic  centimeters ,  of -rm  sodium  hydroxide  necessary  to 
neutralize  five  cubic  centimeters  of  the  media  used. 
Tables  VII  and  VIII  show  the  relative  amounts  of  gas  formed,  using 
bacterium  album-  and  medium  of  different  acidity.    Prom  table  VII 
we  should  conclude  that  the  cultures  of  more  than  two  days  old  pro- 
duce more  gas,  v/hile  from  Table  VIII  the  reverse  seems  true,  when 
the  initial  acidity  is  greater  a  smaller  amount  of  gas  is  formed. 
Here  again  there  seems  to  be  a  point  of  acidity  after  which  no  more 
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gas  is  formed..     Where  the  initial  acidity  is  lower  there  was  a 
chance  for  2.9  cubic  centimeters  of  acid  to  be  formed  while  in  the 
former  there  seems  to  be  a  possibility  of  only  2.4,  hence  more  gas 
in  the  latter.     In  Table  VIII  all  the  gae  is  formed  within  44  hours 
and  that  upon  standing  as  shown  in  table  VIII  some  of  the  gas  is 
again  dissolved.     This  shows  that  for  these  two  species  there  is  a 
dif Cerent  final  reaction,  but  that  in  both  cases  the  gases  are  form- 
ed until  their  respective  points  are  reached. 
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OHEMIOAL  ANALYSIS. 
For  the  chemical  analysis  the  water  was  collected  in  a  five 
gallon  keg  which  was  well  washed.     The  keg  was  filled  with  sewer 
water  just  as  it  was  passing  into  the  tank.     This  was  done  so  as  to 
get  It  in  the  ftesh  plate  before  all  the  changes  on  the  organic 
matter  had  commenced.     The  water  was  brought  to  the  laboratory  in 
the  evening  and  kept  in  the  cold  room  until  the  next  morning  when 
it  was  taken  out  in  granite  buckets  and  boiled.     It  was  then  well 
mixed  and  the  heavy  solid  parts  allowed  to  settle  at  the  bottom. 
It  was  boiled  so  as  to  get  all  the  soluble  matter  into  solution. 
|  The  upper  liquid  was  decanted  off  in  parts  of  750  cc  in  flasks  and 
sterilized  for  thirty  minutes  in  an  autoclave.     Analysis  of  this 
water  in  duplicate  was  made  and  the  sterile  flasks  were  inoculated 
with  pure  cultures  of  several  different  species  and  left  for  seven, 
fourteen  and  twenty-one  days  each  before  analysis .     The  inoculation* 
were  made  as  follows:  the  different  cultures  were  tested  for  purity 
then  a  new  culture  was  made  in  broth,  which  on  the  following  day 
was  used  for  inoculating  into  tubes  containing  ten  cubic  centimeters 
of  the  above  sterile  sewage.     These  tubes  were  kept  in  the  incubator 
for  two  days,  after  which  they  were  poured  one  in  each  flask  of 
sterile  sewage.     The  flasks  were  kept  at  room  temperature  for  the 
time  stated  above. 

The  determination  of  free  ammonia, albumeno id  ammonia,  total  organic 

nitrogen,  nitrites  and  nitrite'   were  made  by  the  nessioiization 

method  and  the  results  calculated  to  parts  per  million.     The  total 

solids  were  determined  by  evaporating  from  one  hundred  to  two  hun- 
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dred  cubic  centimeters  of  the  water 

• 

The 

following 

are  the 

results 

given  in 

tabular 

form  in 

jiarts 

per  M. 

Table  IX. 

Original 

Bacterium  aSrogenes 
7  days  14  days  21  da  s 

Bacterium  alburn. 
7  days  14  days  21 

d  av  s 

Free  Am- 
monia. 

14.4 

15.6 

15.0 

1 § .  2 

18.8 

12.8 

16.2 

14.4 

15.8 

16.  4 

14.8 

18.6 

13.1 

16.  4 

Albumino  i 
Ammonia. 

d 

9.0 

9.  5 

13.0 

13 . 0 

11.  7 

9 .  7 

8.8  5 

9.2 

9.75 

13.00 

12.  5 

10.0 

8.42 

Total  Organ- 
ic Nitrogen38 . 75 

37.  5 

42.  5 

42.  5 

37.5 

37.0 

32.  5 

39. 

36.8 

42.  5 

42.  5 

36.8 

33.0 

Nitrites 

.65 

•at  c 

1  1A 
•  i.  .LU 

trace 

,66 

.45 

.100 

trace 

.35 

.110 

trace 

Nitrates 

2.23 

2.195 

2.4 

1.73 

1.894 

1.44 

2.  22 

2.  33 

2.48 

1.  49 

1.93 

1.40 

Total  Sol 

i  d  s  per 
1000 

1.178 

1.07  5 

1.015 

.97  5 

.9625 

.970 

.896 

1.006 

1.048 

1.011 

.  940 

.936 

.929 

Loss  on 
Ignit  ion . 

.297 

•  CO 

•  229 

.255 

.  238 

.231 

.  204 

.237 

.  28 

.  241 
97 

.  238 

.  303 

.  206 

Table  X. 

Original    BucxJAm  coli-  B. 
com  lunis . 


 7  days  14  days  21  days  7  days  14  days  21  days 


Free  Am- 

pip.Tiia  14.4 

10.88 

10.4 

20.24 

21.32 

20.8 

14.4 

Alcuminoid  - 
Ammonia        • 9  n 

10.  72 
9.  57 

10.8 

8.  28 

13.  2 

20.8 
9.00 

20.8 
8.83 

20.4 
6.  33 

9 . 2 

Total  Organic  ' 
Nitrogen.  33,75 

9.26 

35.2 

8.  28 
34.00 

14.0 
34.  2 

7.60 
33.0 

8.66 
32.0 

6.28 
40.  5 

39.0 

35.0 

34.  50 

33.  5 

33.  5 

32.  5 

39.5 

Nitrites 

.  233 

trace 

.  100 

.  4 

.  20 

.200 

1  DO 

0  f> 

t  <&u 

.  VJO  0 

A  R 
•  '±0 

•  lu  ' 

Nitrates  2.23 

2.  486 

2.13 

1.7 

1.51 

1.  56 

1.6 

2  22 

Total  solids 

per  1000  1.178 

2.  583 
.903 

.9  94 

1.76 
.913 

1.  44 
.937 

1.71 
.980 

.996 

1.006 

.  900 

.932 

1.003 

.970 

Total  loss  .297 
on  ignition. 

.  237 

.151 
.167 

.  208 
.195 

.177 
.190 

.  204 
.215 

.  213 

.  248 

.  272 
.259 
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Table  XI. 

Water  as  it  enters  the  tank  -  and  after  standing  at  room 
temperature  for  seven  .and  fourteen  days. 

Original      After  7  days 


Free  ammonia 


Alb.  ammonia 


Total  Organic 
Nitorgen . 


Nittites 


Nitrates . 


11.84 
12.06 
.80 
1.20 
6.  00 
6.  20 
.  562 
.  625 
2.095 


26.40 
26.80 
.  45 
.40 
5.40 
5.2 
trace 
trace 
.72 
.64 


After  14  _days. 
25.6 
26.0 
.96. 
.96 
5.0 
4.8 
trace 
trace 
.32 
.  34 
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The  medium  used  in  tabl  a  TX  and  X  is  not  identical  with  that 
used  in  table  XJ,  the  former  having  been  heated  and  boiled  would 
consequently  change  it  chemically.      The  water  had  to  be  diluted 

tv/eii*. y  i  ij'ies        ere  any  distillations  were  I'iaus  and  c~  slight  yrror 
in  nessler izat ion  *:/..•> id  make  it  several  lines  as  ^r e«*t  in  I. he  Fina3 
.  results  given  2nay  not  be  entirely  fi*oe  fro:n 

errors . 

From  tables  IX  and  X  we  see  that  only  slight  changes  are  pro- 
duced by  the  individual  species.     In  most  of  the  cases  the  greatest 
change  takes  plaee  during  the  first  seven  days  after  innoculat ion ; 
this  is  also  true  in  the  case  where  they  .are  all  acting  in  common 
as  shown  in  table  XI. 

Thus  the  millions  or  bacteria  brought  into  this  tank  from  the 
Various  sources  find  a  medium  which  contains  the  required  constit- 
uents for  their  life  and  growth.     The  putrifactive  ones  have  the 
power  to  form  gases  and  these  either  remain  dissolved  or  escape 
into  the  air.      Not  all  species  form  the  same  gases,  nor  do  the 
same  species  form  similar  gases  under  different  conditions*  The 
Water  as  it  enters  the  tank  remains  in  the  first  section  long 
enough  to  deposit  most  of  its  solid  organic  matter.     It  contains  the 
largest  number  of  bacteria  and  consequently  the  greatest  change 
pccurs  here.     As  the  water  passes  on  carrying  the  undecomposed  rmnant 
pf  the  organic  matter,  this  ;  radually  becomes  oxidized  and  the 
number  of  organisms  is  greatly  reduced.     Very  slight  changer,  are  1 
produced  by  the  individual  species  as  compared  with  the  cane  when 
all  act  in  common. 
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The  oxidation  of  the  organic  matter  is  due  to  these  bacteria 

and  not  to  sedimentation,  for  very  little  organic  matter  is  found 

in  the  sludge.     The  greatest  work  done  seems  to  be  attributable 

not  to  one  single  species  but  several  different  kinds,  most  promi- 

!  nent  among  these  as  near  as  can  now  be  ascertained  are  Bacillus  coli- 

w 

communis,  Bacterium  aerogenes,  Bacillus  vulgaris,  and  the  one  herein 
numbered  XIV.    The  temperature  of  the  tank  at  any  time  does  not 
inhibit  the  growth  of  any  of  these;  all  of  them  grew  within  the 
limits  of  10  -  37  degrees  centigrade;  all  however  grow  better  at 
room  temperature  or  higher.     The  first  three  form  gases  of  very 
similar  proportion  of  carbonic  acid  gas  (COg)  and  hydrogen  (H),  the 
GOg  varying  from  22  tc  28  per  cent,  and  the  hydrogen  from  63.6  to 
75  per  cent,  approximately  a  ratio  of  l  to  3.    Bacillus  vulgaris 
besides  these,  forms  a  small  per  cent,  of  marsh  gas  (0H4)  . 
Bacillus  ooli-communis  causes  a  decrease  in  the  free  ammonia,  total 
organic  nitrogen,  nitrites  and  nitrates  and  an  increase  in  the  album- 
cnoid  ammonia  amounting  to  the  loss  of  the  other  constituents. 
Bacterium  Aerogenes  produces  an  increase  in  the  total  organic  nitro- 
gen, after  seven  days;  a  decrease  in  the  nitrites,  with  the  other 
parts  remaining  practically  unchanged.      Bacillus  XIV  does  not 
form  gases,  yet  it  appears  to  be  one  of  the  mdst  active  in  oxidiz- 
ing the  organic  matter.     It  is  a  rapid  grov/er  forming  a  heavy  mem- 
braneous surface  growth,  and  is  a  strong  liquifier;  it  increases 
the  amount  of  free  ammonia,  while  there  is  a  decrease  in  the  album- 
inoid ammonia,  organic  nitrogen,  nitric  acid  nitrates. 
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Ail  except  the  last  kind  appeared  in  every  sample;  Bacillus  coii- 
•emmunli  and  Bacterium  aerogenes  could  be  easily  detected  on  lactose- 
litiraus  plates,  and  occurred  in  large  numbers  in  every  sample ; 
Bacillus  vulgaris  also  occurred  on  every  plate  and  on  an  average 
about  three,  thus  making  an  approximate  number  of  30,000  per  cubic 
centimeter.     Bacillus  XIV  was  net  so  abundant;  it  was  found  on  about 
one  plate  out  of  ten,  thus  making  a  rough  average  of  one  thousand 
per  cubic  centimeter. 
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Plate  T. 


)  Plates  showing  colonies  fr on  l/loOOO  c.c.   of     sewer  water. 
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Plate  II  . 


(1)  A  pure  culture  of  Bacillus  XIV. 

(2)  .  Bacillus  XIV  as  it  spreads  when  it  occurs  with  others 

in  the  water. 
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